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INTRODUCTION 


The purpose of this circular is to present a series of brief sum- 
maries of the essential average storage requirements of most of 
the more important varieties of fresh fruits, vegetables, cut flowers, 
and certain other perishable commodities which enter the market 
on a commercial scale. Many details are of necessity omitted, as 
the work is intended primarily for general practical reference. The 
conditions given should not be considered as absolute or final, but 
rather as the safe limitations under which the various products can 
ordinarily be stored. Detailed information on the handling and 
storage of some of the commodities discussed is available elsewhere 
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in the form of bulletins or textbooks; for many of them only gen- 
eral information exists. 

Fresh fruits, vegetables, cut flowers, etc., intended for storage 
should be as free as possibl e from skin breaks, bruises, and decay. 
They should be neither immature nor overmature, because in either 
case it may be difficult to keep them from too rapid deterioration, 
and even if they do not change appreciably in storage, they will not 
be commercially desirable when removed. The proper degree of 
maturity in each case can usually be determined by consulting the 
various sections of this circular or the other publications listed in 
Literature Cited (p. 37), or on the basis of previous experience. 
There is a seasonal variation, however, in the storage quality of 
certain products, particularly fruits ; hence care must be taken not 
to assume too much from 1 year’s experience concerning the prob- 
able behavior of a given commodity grown the next year. 

Decay and other deterioration in storage is too broad a subject to 
be discussed in detail in this publication. It is discussed very gener- 
ally in connection with various fruits and vegetables eared by this 
circular and in greater detail in other publications (SP Orda 12s 
13, 20, 21, 22, 23, Q4, 26, 29, 31) 3 


FACTORS INVOLVED IN COLD STORAGE 


Details of the best conditions for the storage of fresh fruits, vege- 
tables, and cut flowers are subject to change from time to time as 
more definite information is gained in the handling of these com- 
modities. The conditions and requirements given in this circular 
are derived from the best commercial practice at the present time 
and from scientific experimentation. All of the temperature re- 
quirements are given in degrees Fahrenheit and represent the aver- 
age air temperatures that should be maintained. The humidities 
are relative and are expressed in percentage of saturation; for ex- 
ample, when it is stated that a certain humidity should be 85 percent, 
this means that the air should be at approximately 85 percent of 
complete saturation with water vapor at the recommended temper- 
ature. 

The term “cold storage” refers to storage where the desired tem- 
perature is maintained by mechanical means; the term “common 
storage ” is used where the natural outdoor temperature, modified 
or controlled as far as possible by means of insulated walls and 
ventilators, is depended upon to maintain the desired storage tem- 
perature. The storage period given in each case includes the transit 
period if there is one. Allowance has | been made for the facts that 
the temperature of fruits and vegetables in transit is usually higher 
than the recommended storage temperature and that ripening or 
other changes are likely to go on more rapidly during a given transit 
period than during the same length of time in cold storage. 


TEMPERATURES OF STORAGE ROOMS 


If the best results are to be obtained in the cold storage of the 
products discussed herein it is highly important that the tempera- 


1Italic numbers in parentheses refer to Literature Cited, p. 37. 
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ture in storage rooms be held fairly constant. Variations of 2 or 3 
degrees above or below the desired temperature are in most cases 
too large. They can usually be avoided if the storage rooms are 
well insulated throughout and are furnished with adequate refrigera- 
tion and equipped either with reliable, accurate thermostats or with 
means for manual control which are given frequent personal atten- 
tion by some one charged with that duty. Even when reliable auto- 
matic controls are used, frequent personal visits to storage rooms 
should be made. 

In commercial cold-storage rooms thermometers are usually placed 
at about the level of the eyes of a man of ordinary height, sometimes 
slightly lower. It is important however to take temperatures fre- 
quently at the floor and the ceiling also, or at any other places where 
they might be expected to be undesirably high or low. If the air 
in certain locations seems always to be too warm or too cold it may 
be necessary to install fans to increase the rate of air movement and 
so bring about a better equalization of the temperature in various 
parts of the room. 

Most varieties of apples keep best and longest if held constantly 
at 31.5° to 32° F.; the best temperature for Bartlett pears is be- 
tween 380° and 81°. If the air temperature where either of these 
fruits is stored rises 2 or 3 degrees above the upper limit mentioned, 
there is danger of increased decay and undue ripening, the danger 
being greater the longer the period during which the temperature 
is above 82°. Wor example, 3 or 4 days at 35° usually would have 
little or no effect, partly because of a slower rise in the temperature 
of the fruit than in that of the air; but 10 days at this temperature 
would probably shorten the hfe of the fruit by about a week and 
possibly result in more decay. On the other hand, if the tempera- 
ture goes a degree or two below 30°, there is a chance that freezing 
will occur. Celery and cabbage allowed to remain too warm in 
storage may show yellowing and decay; potatoes are likely to begin 
to sprout if the temperature is too high and usually become unde- 
sirably sweet if it is too low. Other commodities undergo these or 
other kinds of deterioration if the temperature variations through- 
out long storage periods exceed the limits given for them in this 
publication. In addition, there is always the possibility that fluctu- 
ations in temperature will cause condensation of moisture on stored 
products, which in itself is undesirable because it favors the growth 
of mold and the development of decay. 

Control of temperature is usually easier in large rooms than in 
small ones if both are filled to capacity. This is because of the 
“flywheel ” effect produced by the larger mass of material including 
both the commodity and the building material. Refrigeration is 
thus stored up, so to speak, and temperature changes occur more 
slowly. For this reason small storage rooms generally will require 
closer attention than large ones. 


HUMIDITY OF STORAGE ROOMS 


_ The relative humidity of the air in storage rooms has a direct rela- 
tion to the keeping quality of the products held in them. If it is too 
low, wilting is likely to occur in most fruits, vegetables, cut flowers, 
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etc.; if it is too high, it favors the development of decay especially in 
rooms where there is considerable variation in temperature. The 
control of humidity is rather difficult, however, and is not often at- 
tempted in commercial storage warehouses. Operators of certain 
large cold-storage houses have found that when a room is filled with 
apples or celery, for example, the relative humidity soon becomes 
constant at a fairly definite level which fortunately is about the op- 
timum for the particular commodity concerned. The same result 
has been observed with other commercially important fruits and 
vegetables and probably is obtained in many of the larger, well-con- 
structed cold-storage warehouses of the country. 

For most fruits that are stored commercially the general statement 
can be made that a relative humidity of 80 to 85 percent gives the 
best results. Exceptions are discussed in the text. For leafy vege- 
tables and root crops the relative humidity should be about 90 to 
95 percent; for other vegetables, except as noted in the text, 85 to 90 
percent. If it seems necessary to increase the relative humidity in 
rooms used for common or air-cooled storage, this can best be done 
by sprinkling the floor occasionally. Earth floors are more desirable 
in air-cooled storages than floors of concrete because they are more 
easily kept damp. 

Various methods have been proposed or tested for the control of 
humidity in cold-storage rooms, but at present there seems to be no 
eeneral agreement among operators of cold-storage plants as to 
which is the best of these methods nor has there been widespread 
use of any of them. 


EVOLUTION OF HEAT BY COMMODITY 


In any consideration of the storage of fresh fruits and vegetables, 
cut flowers, etc., it should be remembered that these commodities are 
alive and by virtue of that fact they carry on within themselves many 
of the processes characteristic of all living things. Unless the relative 
humidity is high, they give off moisture to the surrounding air and 
most of them, in time, become shriveled or wilted, even at 32° F. 
The enzymes or ferments they contain act on various substances in 
their tissues and gradually bring about changes in color, texture, and 
chemical composition which mature the commodity and may result in 
serious deterioration or even complete breakdown. The most 1m- 
portant of these changes are produced by respiration, the process in 
which the oxygen of the air is combined with the carbon of the plant 
tissues, occurring chiefly in sugars, to form various decomposition 
products and eventually carbon dioxide and water. During this 
process energy is released in the form of heat, the amount of which 
varies with the commodity and increases as the temperature increases, 
up to about 100°. ‘This heat is always a part of the refrigeration load 
which must be considered in handling fruits, vegetables, and cut 
flowers in cold-storage rooms or refrigerator cars. The approxi- 
ae rate of evolution of heat by various commodities is given in 
table 1. 
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TABLE 1.—Approximate rate of evolution of heat by certain fresh fruits and 
vegetables when stored at temperatures indicated 


Commodity 
PAN DIC Sere eee cee rs rae ines UAC ya See SAE _ ee Sk 
Bananas: 
Greene arene re Seb Wks Mirena EAR eel LIN anipaaipmesapen ek pre cc ee | { 
SIS NIN Pee ener eam nee Nee eat i SE als Loh 
JRF DSR SENOS ae cite Ee age cg a RS a a I = A ae 
1B YS) SYR a ale SI ae AR cg age ON NS 
WaTIGA OUI Cae oe Le Cae Le ol. See Ip ta t= { 
OPS LORE a, ee I a CN ic eae RR AA NN DE | 
COVA TEN eg ts a) 5 oy ods PRO Ul as ee ch a a Re) 8 SS ee es 
HEERICS: (SOUT) eeerateec ee meer case a URRN NAR ene ea een { 
CHORE GE LS RS ae We eR ER MED RR | 2 Me al aes! 
Grapes: (Cornichonand= blame okay) sso =. eee es | 
NGO TT] OMS ee eee lh Cees See REC Ei Ma ee Mp ced.) || naan ants ONAL ay) 
CELUI COE! ¢ o> seer eae Ce SE ee BEEN EE CS I LD 
Onions; CVvellowaG lobe) ie sek eh i nl Oe ee hy ee | 
Oranpest esis h el. oie tabs ne enol (tel ty ces 5 i - lh rg 
CACHES pee eaene. Laie Ler Same Rep SL)” Ue SLE i 
SECT GRAN g (shit) |S SS CS a Se ae { 
FRR CTS es Sees Ree tk AA RRR ABT AMS Ln! Yk: ee ae yt oS | 
| 
EOLRLOCS (LEIS COD DION) stoke seer oo 
Haspbernics 3p bes 1G) A ee oe I. Re a ee oh { 
BELA MIDCERICS See vee ee aha eee St) | ORR kee. | 


British ther- 
mal units of 
heat per ton of 
fruit per 24 
hours ! 


660-. 880 
1, 110- 1, 760 
4, 400- 6, 600 
6, 600-15, 400 


3, 300 
8, 360 
9, 240 
8, 360 


1, 166 

1, 870 

3, 476 

213 

506 

3, 938 

814 

1, 408 

3, 806 

704 

2, 606 

5, 862 

1, 320— 1, 760 
11, 000-13, 200 


6, 200 
2, 200- 3, 300 
638 


7, 392 
22, 660 

660- 1, 100 
1, 760- 1,980 
3, 080- 4, 180 
690- 900 
1, 400 

2,710- 2,970 
8, 000 


1, 540- 1, 980 

6, 600-13, 200 

15, 400-22, 000 
850- 1, 370 

1, 440- 2, 030 

7, 260— 9, 310 

17, 930-22, 460 
660- 880 

8, 800-13, 200 

550 

1, 518 

3, 322 

440- 880 

1, 100- 1, 760 

1, 100- 1, 540 

2, 200- 3, 520 

4, 400- 6, 600 

15, 400-17, 600 


3, 300 

13, 200-15, 400 
2, 730— 3, 800 
5, 130- 6, 600 
15, 640-19, 140 
37, 220-46, 440 


Litera- 


_— a ee —— —— 
Se: - STS Cer\vmwWwOOorreeeane—a<eseeeor’''-- <r r'e"’sy’r’"a—“'‘ "| 


ture 
refer- 
ences 


(15) 


(17) 


(*) 


(7) 


(8) 


(7) 


(8) 
(5) 


(*) 


(8) 


(7) 


(8) 


(14) 


(*) 


(7) 


(8) 


! British thermal units. The figures in this column were obtained (1) by assuming that the heat liberated 
by respiration is produced by the respiration of a hexose sugar, and (2) by multiplying the milligrams of 
carbon dioxide produced per hour by each kilogram of respiring material by the factor 220. 

* Unpublished work on the respiration of vegetables by R. C. Wright and T. M. Whiteman. 
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TABLE 1.—Approzimate rate of evolution of heat by certain fresh fruits and 
vegetables when stored at temperatures indicated—Continued 


British ther- | 


aes mal units of | Litera 
Commodity D heat per ton of 
ture nant 24 refer- 
Ct) ee ences 
hours 
32 1, 694 
String pears: =/e wre eh pet ek. ea Oe eS ee 40 2, 706 
60 10,802 || () 
32 2 
Sweet corn _----- ia et ee 2 eS See eee. - 2 eA tS, 40 3, 806 
60 8, 118 
LSS ys 
Sweetpotatoes___-__________-_________-_----__--_-_-=---=---------------- { 3) Qe eit I (9) 
32 0) 
‘NomMAtOeS (MALUTe STCON) Es as eaea ey Paka He tens Meee N= | dee | 40 132 
60 2,574 || (ay 
32 66 
AMT See ts SE a al eee Ae oss ee = Uae 40 572 | 
60 682 | 


2 Unpublished work on the respiration of vegetables by R. C. Wright and T. M. 
Whiteman. 


It will be noted that lettuce, Bartlett pears, peaches, and cherries 
have a much higher respiration rate than potatoes, apples, and 
onions. This means that the first group requires considerably more 
refrigeration than the second to keep them at a specified temperature. 
Less pronounced differences occur between other commodities in the 
list and are important to a lesser degree in determining the amount 
of refrigeration necessary to cool them and keep them in sound, 
usable condition. 

It is difficult to determine the heat to be removed in cooling fruits 
and vegetables to cold-storage temperatures. This depends mainly 
on the following factors: The specific heat of the product, the rate 
at which it produces heat (by respiration), and its initial and final 
temperature. If the product could be cooled to the storage tempera- 
ture instantaneously, the heat to be removed would be only the num- 
ber of British thermal units (B.t.u.) or calories obtained by multiply- 
ing the specific heat of the product by the difference between the 
initial and the final temperature, and this result by the weight of the 
product in pounds or kilograms. This is usually called the sensible 
heat. The cooling process, however, requires time, and during this 
interval additional heat is produced by the respiration of the stored 
fruit or vegetable. 

In order to determine the amount of this additional heat it is 
necessary to know the rate of heat production at any temperature 
and the length of time the product is in each temperature range. For 
example, if the respiration rate (or rate of heat production) for a 
given commodity is twice as great at 70° F. as at 50°, the number 
of hours this commodity is at each of these temperatures must 
be known before the total heat produced can be calculated. When 
fruits and vegetables cool, the rate at which they produce heat de- 
creases, and the total heat produced depends not only upon the time 
required for cooling but also upon how long the commodity stays 
in each temperature range. 

Table 2 shows the approximate amounts of sensible heat and of 
heat produced by respiration which must be removed from 7 varie- 
ties of 4 kinds of fruit in cooling them from various temperatures to 
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a temperature of 35° F. These figures are based on experimental 
determinations of the rate of respiration at various temperatures ; 
some of the data are from the tables given by Magness et al. (13, 15), 
and the remainder from data reported by Haller et al. (S). The 
figures for Bartlett pears are based on the maximum values given 
by Magness (75). The figures given in this table have been obtained 
by assuming that the heat of respiration is produced by oxidation of 
a hexose sugar, and can be calculated from the rate of production 
of carbon dioxide which has been determined experimentally; very 
few calorimetric measurements of heat production by fruits and 
vegetables have been made, and this assumption seems to be the 
best available basis for calculating heat production at any given 
temperature. 


TABLE 2.—Approzimate amounts of heat of respiration and sensible heat to be 
removed from certain fruits in cooling them from 60°, 70°, or 80° to 35° F, 
in a room at 32° F., when cooling takes place in 3, 4, 5, 6, 8, or 10 days 


[ Heat expressed in B.t.u. per ton of fruit] 


= Heat ofrespiration during— | 
Initial 


Kind of fruit tempera- reais 
ture @F.)! 3 qays | 4days | 5days | 6days | 8days | 10 days 
Apples: 80 8, 009 11, 000 14, 000 16, 000 22, 000 27, 000 80, 0CO . 
Winesap? 24.2222 | 7 7, 000 9, 000 12, 000 14, 000 19, 000 23, 000 62, 000 
60 6, 900 8, 080 10, 000 12, 000 16, 0GO 20, 000 44, 000 
80 12, 000 16, G00 20, 060 24, 090 32, 000 40, 600 80, 000 
Grimes Golden_-. 70 10, 090 13, 000 17, 000 20, 000 26, 000 33, 600 62, 000 
60 8, 000 11, 000 13, 000 16, 000 21, 000 27, 000 44, 000 
Peaches: 80 13, 000 18, 000 22, 000 26, 000 35, 000 44, 0090 80, 000 
Elberta hese. | 70 1C, 000 13, OCO 17, 000 20, 000 26, 000 33, 000 62, 000 
2 60 7, 000 10, 000 12, 000 14, 000 19, 000 24, 000 44, 000 
80 16, 000 22, O00V 27, 000 32, 000 43, 000 54, 000 80, 000 
@armanss.. 2-225 70 13, 000 17, 000 21, 000 25, 000 34, 900 42, 000 62, 000 
Pears: 60 10, 000 13, 000 16, G00 19, 000 25, 000 32, 000 44, 000 
Bartlett { 70 16, 000 22, 000 27, 000 33, G00 44, 000 54, 000 61, 000 
Sia es ae 6( 13, 000 17, 000 22, 000 26, G00 35, 000 43, 000 43, 000 
Strawberries: 80 30, 000 39, 000 49, 000 59, 000 79, 609 89, 000 83, 000 
Chesapeake_____- 70 24, 000 32, 000 40, 000 49, 000 65, OCO 81, 000 64, 000 
60 19, 000 26, 000 32, 000 39, 000 51, 000 64, 000 46, 000 
80 38, 000 51, 000 64, 060 77, 000 102, 000 128, 009 83, 000 
Howard 7 ot ses. 76 31, 000 42, 000 52, 0CO 63, 000 84, 0CO 104, 000 64, 000 


69 25, 000 34, 000 42, 000 51, 000 68, 000 84, 000 46, 000 


1 For any one kind of fruit at a given temperature these figures are assumed to be the same for all cooling 
periods included in the table. 


The assumption has also been made, although it is known to be 
only approximately correct, that the rate of ‘temperature drop at 
any given time during cooling is proportional to the difference 
between room temperature and fruit temperature at that time. With 
this assumption as a basis, the temperature and thus the rate of 
respiration at any time during the cooling period, as well as the total 
heat produced during the whole cooling period, have been cal- 
culated.? 

As a result of these calculations it has been found that the heat 
produced by the respiration of fruit while it cools is directly pro- 
portional to the length of the cooling period. The figures for cool- 
ing periods of 3, 4 5, 6, and 8 days are therefore set at 3, 4, 5, 6, 


2The authors wish to acknowledge the valuable assistance given to W. V. Hukill, of the 
Bureau of Agricultural Engineering, in the making of the calculations and in the prepara- 
tion of this statement on the production of heat by fruits and vegetables. 
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and 8 tenths (to the nearest thousand) of the figure for 10 days. 
The specific heat has been calculated by the formula S=0.008 
a+ 0.20 in which S signifies the specific heat of a substance contain- 
ing @ percent of water; 0.2 is the value which has been assumed to 
represent the specific heat of the solid constituents of the substance 
in question (25). 

Column 1 of table 2 shows the kind and variety of fruit and col- 
umn 2 the temperature of the fruit at the time cooling starts, in a 
room held at 32° F. The next column shows the amount of heat 
evolved by respiration if the fruit reaches 35° at the end of 8 days. 
The next 5 columns show the amount of heat if cooling to 35° re- 
quires 4, 5, 6, 8, or 10 days, respectively. The last column is the 
sensible heat (obtained by multiplying the specific heat of the fruit 
by the difference between initial and final temperatures and this 
result by the number of pounds in a ton). For any one kind of 
fruit at a given initial temperature, this figure is assumed to be the 
same for all the cooling periods included in the table. 

The values given in table 2 are only approximate. The two as- 
sumptions that have been made, namely, (1) that the heat of respira- 
tion is produced only by the oxidation of a hexose sugar and can be 
computed from observed amounts of carbon dioxide produced, and 
(2) that the rate of temperature drop is always proportional to the 
difference between fruit temperature and room temperature, prob- 
ably lead to fairly accurate results; but since only a few direct 
measurements of the heat produced by fruits and vegetables have 
been made, it is not known just how close the approximation is. 
The figures are presented to help cold-storage-plant operators esti- 
mate the quantity of refrigeration required for cooling the fruits 
named, and under the various conditions given. As an example of 
how they can be used, the following calculation may be of interest: 
A ton of Bartlett pears cooling from 70° to 35° F. in 10 days in a 
32° room is shown to be capable of producing about 54,000 B.t.u. 
Its sensible heat at 70° (85 degrees above its final temperature) is 
61,000 B.t.u. The sum of the two is 115,000 B.t.u. If this be multi- 
plied by the capacity of the room in tons of fruit, say 600 (the 
capacity of some of the commercial cold-storage rooms in the United 
States), and divided by 288,000 (the number of B.t.u. in a ton of 
refrigeration), the quotient 239 is obtained; this is approximately 
the number of tons of refrigeration required to cool 600 tons of 
Bartlett pears to 35° in 10 days, under the conditions specified. The 
corresponding figure for Winesap apples is 177 and for Grimes 
Golden apples, 200. 


EFFECT OF COLD STORAGE ON SUBSEQUENT BEHAVIOR OF FRUITS AND 
VEGETABLES 


The belief is rather common among those concerned with the mar- 
keting of fresh fruits and vegetables that commodities of this kind 
that have been in cold storage deteriorate more rapidly after removal 
from the low temperature than if they had been held at ordinary 
temperatures. It is difficult, however, to find a basis for Judging 
whether or not they actually do so because there is no means known 
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other than the use of low temperature for checking the ripening and 
decay so largely responsible for their deterioration. That is, it is 
impossible in the present state of knowledge to obtain fruits and 
vegetables that have not been refrigerated but still have not changed 
in any way since harvest, for comparison with similar lots that have 
been in cold storage and are eventually removed. 

It might be thought that respiration could be used as a basis for 
judging the effects of cold storage on fruits and vegetables, since this 
process is one of the important factors in bringing about deteriora- 
tion. Certain starchy products such as potatoes and bananas that 
have been held in cold storage respire more rapidly after removal; 
they produce more carbon dioxide and give off more heat than those 
which have been held at ordinary temperatures. However, so far 
as can be discovered, fruits such as peaches, strawberries, oranges, 
grapefruit, and apples do not. In the case of potatoes and bananas, 
the reason is thought to be that when these commodities are held at 
low temperatures, sugar accumulates in their tissues; then when they 
are removed to higher temperatures, this sugar is readily respired, 
so that they produce more carbon dioxide and give off more heat 
than similar lots that have been held continuously at 50° to 60° F. 
With potatoes, however, the criterion used does not necessarily mean 
more rapid deterioration. That is, the increase in. respiration is 
not necessarily accompanied by wilting, decay, or discoloration of 
the flesh. 

It can be stated that for most fruits and vegetables, so far as 1s now 
known, cold storage is beneficial and not otherwise. Bananas are 
an exception because if held at temperatures below about 56° F., 
they become “ chilled” and will not ripen properly when removed 
to a ripening temperature. There is no evidence that the increased 
respiration of bananas after they are moved to warmer temperatures 
is accompanied by unusual deterioration. 

When fruits or vegetables are removed from a low temperature to 
a higher one there is frequently a condensation of moisture from the 
air on the cool surface of the commodity. This is known as sweating 
and is more marked, the higher the relative humidity of the outside 
air. It should be prevented whenever possible in the case of onions 
and the more tender fruits, because it favors the development of 
decay. This does not mean that when any of these products sweat 
after removal from an iced refrigerator car or a refrigerated room 
they are sure to decay; it does mean that they are more likely to 
decay than if they were dry after being unloaded and remained dry 
until consumed. In this connection dryness means merely the ab- 
sence of liquid water on the surface. 

Sweating can be prevented to some extent, as in the British prac- 
tice with eggs and certain other commodities, by allowing the fruits 
or vegetables to warm up gradually. Under commercial conditions in 
the United States this is rarely practicable, however, and the best 
thing to do in very damp weather is to realize the risk, handle the 
product carefully, and get it into consumption without undue delay. 

The storage conditions recommended herein for certain commodi- 
ties represent either a compromise between two undesirable extremes 

176687°—33—_2 
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of temperature or humidity, or a choice of the least harmful of two 
such extremes. Grapefruit, for example, suffer less from decay at 
low humidities than at high; on the other hand, at low humidities 
they are subject to a pitting which is usually more damaging to the 
market value of the fruit, because it is more common under favor- 
able conditions than is decay. Therefore, it is recommended that 
grapefruit in storage be held at about 85 percent relative humidity. 

On account of the danger of soggy breakdown (20) in Grimes 
Golden apples grown under certain conditions, it is sometimes advis- 
able to store this variety at 34° or 36° F. rather than at 32°. The 
Jonathan variety suffers less from soft scald if stored at 34° to 36° 
instead of at 32°. It is susceptible, however, to the more common and 


more serious condition known as “ internal breakdown ” if held con-. 


tinuously at temperatures above 32°, hence this latter temperature 
should usually be chosen as safer than any higher one. 


FRUITS AND NUTS 
By DEAN H. ROSE, senior physiologist 


The recommended temperature, relative humidity, and approxi- 
mate length of storage period for the commercial storage of 
fresh, dried, and frozen fruits, and nuts are given in table 3. De- 
tailed descriptions of these requirements are given in the text fol- 
lowing. 


TABLE 3.—Recommended temperature, relative humidity, and approximate length 
of storage period for the commercial storage of fresh, dried, and frozen 
fruits, and nuts 


: : Average 
: Relative Approximate length : 
Commodity | humidity of storage period ee 
ie Percent |} OF 
INGPICSEMS 1 oe Ae by ELT A ee Eee 31 to 32:and | 85 to 88____| See text__---_-2__-__- 28. 44 
see text 

Bannan asec et Seek AA Ee eee hel ee See text__-__ Seestext* = | Seettext = a oe 29. 36 
Blackberries: -e Sse ee 8 ee eee ee 31 to 322£2-== 80:to 85_2.-| 7 to d0.days—=_ 222-52" 29.15 
GRETHES ee ask ee ae eee ee ol tos2aeee 80't0:85:=-]_ 10 Tol4 dayss2-= 2) = 27.81 
Crimpenries- Sees Wee eet eee Tee 32,60 40 esses 80 to'852241 sto 3 months ae 27. 16 
Wew,eCrrieSo. oe ve- oo eee eee es ee 31 (0.32 80 to: 85__ 47 todd days. = | eee 
CTAPSMUTGE ELA PER ee ee 32.5 eee 85 to 90____| 8 to 10 weeks__________ 28. 36 
Grapes: 

WATT Aste ee oe ie = ee eee 30:60) 32 80) to’ 85==__|) 4 tolG:months2 -==s= 24. 60 

ATH Creal fo"! ye 28 Ee ee ee ESS 30 to:3222=e2 80 to 85____| 3 to 4 weeks___________ 28. 16 
GTN ODS Sass tee ee ee ee eS 00/t0)'55 == 80 to 85____| 2 weeks to 4 months___ 28. 14 
ieran Diack berries--- 122 ts" Ys Sek ol to 3225 e=2 80 to. 852. | 2ito' bs days. = eens 29. 51 
Orang eS = 2 5 se Fe oe Pane ee Pees O24 eee 80 to: 85_.-.}, 1 jto 2: months: == -- 22 (2) 
RENCHES Sas heen Stee. Ve ee eee ol t0.32e 80 to’85-_-_]' 1 to weeks.2 = st 29. 41 
Bears 6) Fel ares. Se eye woes 30 to!s2e24| 185 :t01902=44 Sed text 2 = (2) 
Plams- Gnelidin= prines)s-s4—=5- ea ee 31 to 322 80'to'85.._-} 1 to:2, weekss =.=) se 28. 53 
UINCES: 9 foe eo Se ee ees 31 to 8322222 80 to 85____| 3 to 4 months_________ 28.12 
Raspberries: e 

Redes ss Se ee eee ee 31 tO) oo SOO'S5-- 7 teu daysee eee 30. 41 

Blacks: LF < ws ot eee LE eee ee 3lito 8234 SOito 85i< =| 7to 10idays 42 ss 28. 76 
Straw DeGmileSe 2 Fa 3 ao. Ee ee ee 31.to 322 42=- $0)t0;'85_-- 17, to 10 daysa2e a= 29. 93 
PDried traits ss. PILE Le ee eas 32 to SORES 710%to 75...) Ito 2:yearsi-. See eS ee 
MrOZen: Eris: fea ee ee ee a ee 15, to, 16a eel ea 5 6;to/12:smontis! 42 =o | ae es 


INTGESE Soe Se Pe SOE Ss Fe ee eee 30 'to 32 75 to ae $'to 12hnonths ==> = (?) 


1 These figures, some of which are based on previously published work (32), are subject to revision when- 
ever further investigation makes this necessary. This column also includes some unpublished data ob- 
tained by R. C. Wright, physiologist, Bureau of Plant Industry, since 1929. 

2 The figures for oranges are Florida (Valencia), 28.26°; California (Washington Navel), 27.70°. For 
pears—Bartlett, 28.46°; Winter Nelis, 27.25° ;Anjou, 26.93°; and for Persian (English) walauts, 20°. 
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APPLES 
(Temperature, 31° to 32° F.; relative humidity, 85 to 88 percent) 


There is a wide variation in the storage quality of the different 
varieties of apples, and of the same variety grown in different re- 
gions. For example, McIntosh grown in the Middle Atlantic States 
is practically an early fall apple not suitable for more than a few 
days’ storage, whereas if grown in northern New York or New 
England it can be held for as long as 4 months. Such varieties as 
Northern Spy, Baldwin, and Rhode Island Greening grown in the 
Cumberland-Shenandoah Valley region or in the hot, irrigated 
valleys of the Pacific Northwest are very short lived in storage, 
although suitable for all-winter storage when grown in New England, 
New York, Michigan, and other northern producing districts. 

The keeping quality of apples in storage is also definitely related 
to the cultural and orchard sanitation practices of the grower, who 
alone is responsible for the production of sound, properly matured 
fruit. To have good keeping quality, apples should be fully grown 
and well colored. When they have reached this stage, they are less 
ikely to scald in storage and are in better condition generally to be 
held in storage for the maximum period than if they are either 
immature or overmature. 

To insure soundness and good-keeping quality, apples must be not 
only properly grown and at the proper stage of maturity—they 
should also be handled in all the operations of picking, grading, 
packing, and hauling with that degree of care necessary to prevent 
serious bruising, skin punctures, or other mechanical injuries; and 
they should be stored as quickly as possible after they are picked. 
The eS of apples in storage are discussed in Farmers’ Bulletin 
1160 (2). 

For the storage of most varieties of apples the best results are 
obtained by maintaining a temperature of 31° to 32° F., and a rela- 
tive humidity of 85 to 88 percent. Apples from the Pajaro Valley 
in California, particularly those of the Yellow Newtown variety, 
should be held at 35° to 38° rather than at 32°, to prevent the 
development of internal browning or brown core. 

If air-cooled storage is used, the temperature obtainable will 
usually not be much lower than the average of the prevailing outside 
temperatures. The nearer this is to 32° the better. 

The length of time apples can be held successfully in cold storage 
will vary with the variety, with the region where grown, as well as 
with their condition when harvested. The following data show about 
how much time different varieties, as grown in regions to which they 
are best adapted, require to reach full eating-soft condition when 
picked at proper maturity and stored immediately at 32° F. 


Variety Months Variety Months 
Mig Entioshjacpee te coe, Seer eee t 2 to 4; Rome s Beautyt sauadivy satel 5 to6 
Grames = Colden tks ects ae ATO A esearch 50,7 
onatWaie ste eee Oe a 3to4 | Rhode Island Greening ________ 6to7 
TRomiynlein Ss) Kane OM 0, go S89 40'S’ | Seeymian Winesap=. i> ea 6to7 
INGE SDViss he be 4 (0.6 | sigeam Sais Se 0) fo eee Ve ine 6 toT 
Esopus Spitzenburg____________ 416 6 | Moke penta. “tos ee SS 6 to 7 
SC mnee chy isan ees ee UREA ae 3 to 69 ¥ellow Newtown 22 2 6to8 
1S el 8 31 0 Rie Ne a Soon 9 te S'to'G . | Maes pares | cod eR ee tf 7Tto§s 
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However, “ full eating-soft condition ” is not what is wanted in 
apples withdrawn from storage for sale to retailers and by them to 
the consumer. The dealer would ordinarily require 2 days to a week 
for getting such apples off his hands. In determining when to re- 
move apples from storage he must of course consider the market, but 
he must also allow for the more rapid softening that takes place at 
the higher temperatures to which they will usually be removed. 

Investigations by the United States Department of Agriculture 
(175) have shown that apples soften approximately twice as fast at 
70° as at 50° F., twice as fast at 50° as at 40°, and about twice as 
fast at 40° as at 32°. It is advisable, therefore, to consider the safe 
storage period, that is, the period which is safe from the commer- 
cial point of view, as about 2 weeks to a month shorter than those 
given in the tabulation above. 

Apples in cold storage should be inspected frequently, in order 
that they may be removed and sold while still in good condition. 
It is highly desirable that apples intended for storage be wrapped 
in oiled paper or packed in shredded oiled paper, in order to reduce 
damage by scald as much as possible (7). ‘Apples should not be 
stored in the same room with potatoes because of the danger that 
they will absorb undesirable odors. 


APRICOTS 
Short storage only. See plums. 


BANANAS 


(Temperature, ripening, 62° to 70° F.; storaee, ripe. 56° F.; relative humidity, 75 to 85 
percen 


The banana is one of the fruits that must be shipped to market 
in a green condition, as the ripened product is soft in texture and 
cannot well be handled without serious injury. The bunches of green 
bananas as they are received from the Tropics are usually ripened 
at a temperature of 62° to 64° F., with a relative humidity of about 
76 percent. A somewhat higher temperature (up to 70°) and a 
greater amount of humidity (up to 85 percent) may be utilized to 
advantage for the first 12 hours if it is desired to hasten the r:pening 
process, but after this the temperature should be lowered to 68° and 
the humidity to about 75 percent, since with prolonged high humidity 
the individual fruits will tend to drop off the stems. A ‘much lower 
humidity will cause undue shrinkage, poor color, and slow ripening. 
Prolonged exposure to high temperatures will cause poor color and 
also hasten decay. 

The lowest temperature at which green bananas can safely be held 
in order to delay ripening is about 56°; below this, bananas suffer 
an injury known as chilling, which prevents their ripening properly 
when later removed to a suitable temperature, and sometimes results 
in discolored spots on the skin. The best holding temperature for 
ripe bananas is generally considered to be 56°, at which they should 
keep satisfactorily for a week to 10 days. 


BLACKBERRIES 


Short storage only. See raspberries. 
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CHERRIES 
(Temperature, 31° to 32° F.; relative humidity, 80 to 85 percent) 


Fresh cherries, either sweet or sour, are rarely held in cold storage 
for more than a few days. If held longer they begin to lose flavor 
and the bright attractive appearance characteristic of the fresh fruit. 
The stems may also dry out noticeably, especially if the relative 
humidity is rather low. Sour cherries are often stored in a frozen 
state without sugar. They are usually precooled by holding at 
32° F. for about 24 hours in the containers in which they arrive 
from the orchard. They are then put in 50-gallon barrels and 
frozen at a temperature of about 10° and finally stored at 15° to 20°. 

It is probable that the extreme limit for the successful commercial 
cold storage of fresh cherries at shipping point is about 10 days to 2 
weeks. It is doubtful whether fresh cherries from California and 
the Northwest can be held satisfactorily in cold storage for more 
than about a week after arrival at eastern markets. 

The sweating discussed on page 9 seems to be particularly trouble- 
some on cherries because of the decay frequently associated with it 
after they are removed from a low temperature (22). Cherries can- 
not be shipped for any considerable distance without refrigeration, 
however, and hence are usually exposed for a few days to a week 
or more to whatever danger there may be from sweating after re- 
moval from the car. This means that most commercial lots of 
cherries should be placed under refrigeration or moved into con- 
sumption as quickly as possible after being unloaded. 


CRANBERRIES 
(Temperature, 32° to 40° F.; relative humidity, 80 to 85 percent) 


Cranberries are stored commercially at temperatures between 32° 
and 40° F., although better results are obtained from holding them 
at the lower temperature. Storage for longer than about 3 months 
is not satisfactory because of the almost universal presence of end 
rot, a fungous disease which can develop at low temperatures. 
anes of the berries as a result of water loss is also a limiting 

actor. 

Cranberries for storage should be culled carefully before storing, 
so as to minimize as far. as possible the danger of loss from decay. 


DEWBERRIES 
Short storage only. See raspberries. 
GRAPEFRUIT 
(Temperature, 32° F.; relative humidity, 85 to 90 percent) 


For best results grapefruit in storage should be held at 32° F. in a 
relative humidity of 85 to 90 percent. Under such conditions it can 
usually be held satisfactorily for a maximum of about 10 weeks, pro- 
vided it is sound but not overmature when stored. If held longer, or 
at a higher temperature, or a lower humidity, it is likely to show pit- 
ting; that is, to become more or less covered with sunken brown 
spots. It may also suffer from decay, especially if it has been handled 
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carelessly during the picking and packing process. Overmature or 
“weak” fruit is likely to pit and decay badly before the end of 2 
months, even under the optimum conditions of humidity and tem- 
perature mentioned above. 

The chief decays of grapefruit in storage are stem-end rot (on 
Florida and Texas fruit), green-mold rot, and blue-mold rot; the 
latter 1s frequently referred to as a contact rot because of its ability 
to spread from a diseased fruit into a sound one touching it. Stem- 
end rot is less destructive on grapefruit in storage than are the other 
two because it is kept in check fairly well by cold-storage tempera- 
tures. All three of the rots are more serious at the high humidity 
it is necessary to maintain in order to keep pitting to a minimum, 
hence care should be taken that the humidity does not become ex- 
cessively high at any time. Frequent inspection is desirable through- 
out the storage period, to determine the condition of the fruit with 
respect to both pitting and decay. 


GRAPES 


VINIFERA 


(Temperature, 31° to 32° F.; relative humidity, 80 to 85 percent) 


Large quantities of the European or vinifera grapes, grown prin- 
cipally in California, are stored every year. The most important 
of the varieties stored are Emperor and Ohanez (Almeria). Olivette 
de Vendemain, Malaga, Sultanina (Thompson Seedless), Flame 
Tokay, and Ribier are occasionally stored also. All of these have low 
freezing points, lower, in fact, than that of any other important 
fruit, largely because of the high sugar content of grapes. Although 
for most varieties there is no danger of freezing injury at tempera- 
tures as low as 28° F.. (3), they are usually held at temperatures of 
31° to 82°. A humidity of 80 to 85 percent is desirable to prevent 
wilting of the stems and fruit. 

California grapes for cold storage are packed in kegs or drums in 
sawdust or in various types of lidded lugs with or without sawdust. 
Good results are usually obtained, although if the fruit or the sawdust 
is damp at packing time or becomes so in storage there is danger of 
damage by mold. Mold may develop also if the grapes have been 
handled carelessly and there are numerous cracked or loosened ber- 
ries scattered through the pack. Varieties differ in keeping quality. 
The best storage varieties, packed in sawdust, can be held 4 to 6 
months at 32° F. Emperor and Ohanez seem to hold better than 
any of the other storage varieties. ‘Treating grapes with sulphur 
dioxide before placing them in cold storage has been found helpful 
in preventing decay. 


AMERICAN 
(Temperature, 31° to 32° F.; relative humidity, 80 to 85 percent) 


The eastern or American varieties of grapes, the most important 
of which is Concord, are not adapted to long storage and most of 
them do not hold up well under storage conditions for more than 
3 or 4 weeks. After that time they begin to deteriorate in flavor 
and may suffer heavily from decay if the temperature is not kept 
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close to 32° F. The Catawba keeps better than most other eastern 
varieties and if in good condition when stored can be held for 3 to 
4 months even in common storage, in the regions where this variety 
is grown on a commercial scale. 

Too low humidity is undesirable for grapes since it causes shrivel- 
ing, especially of the stems. Stock intended for storage should be 
handled carefully to avoid cracking of the berries or loosening at 
the cap stem, because such injuries allow juice to exude and thus 
furnish favorable conditions for the beginning of decay. 

Scuppernong grapes are shipped only short distances if at all and 
are not known to be held in cold storage anywhere in commercial 
quantities. 

- LEMONS 


(Temperature, 50° to 55° F.; relative humidity, 80 to 85 percent) 


From the standpoint of preventing decay (blue-mold rot, green- 
mold rot, and Alternaria rot) in stored lemons, the lowest tempera- 
ture that can be used without freezing the fruit would seem to be 
desirable. The difficulty is that at such low temperatures certain 
nonparasitic troubles develop which are fully as serious as the decay; 
among these are red blotch, membranous stain, and “ peteca ”, a kind 
of pitting of the rind. At somewhat higher temperatures (50° to 
55° FI.) all of these are absent or much less serious and decay is very 
little greater. The best results are usually obtained by storage at 
50° to 55° in a humidity of 80 to 85 percent. Under such conditions 
lemons can be expected to hold up satisfactorily for periods of 2 weeks 
to as long as 4 months, depending on their maturity and condition 
when stored. 

If they have been handled carefully they will store better than if 
they have been injured by rough handling, because there will be 
fewer clipper cuts, scratches, and bruises and consequently less dam- 
age later by green-mold rot and blue-mold rot. The latter is able 
to penetrate the uninjured skin of lemons but is likely to cause more 
loss if the skin of the fruit is broken at numerous places. It can also 
grow from one fruit to another in the package and for this reason 
is frequently referred to as a contact rot. 

Lemons and other citrus fruits should not be stored in the same 
rooms with dairy products, because of the readiness with which the 
latter absorb odors. In fact it is better not to keep the two kinds 
of commodities even in the same building. 


LOGAN BLACKBERRIES 
Short storage only. See raspberries. 


ORANGES 
(Temperature, 32° F.; relative humidity, 80 to 85 percent) 


Oranges can be held for 1 or 2 months at 32° F. without serious 
deterioration in appearance or flavor. However, some decay, chiefly 
blue-mold rot or green-mold rot, may occur during storage of a 
month or more, and some fruit may begin to show brown spots on 
the peel. If stored for longer periods, decay increases and the 
spotted fruit may gradually turn brown over all or most of the sur- 
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face. The characteristic flavor also diminishes and a musty flavor 
develops. The temperature recommended above retards develop- 
ment of decay during the storage period, and for about a week after 
the fruit is removed from the cold. Among California varieties, 
Washington Navel oranges are more subject to decay than Valencia 
oranges. ‘There seems to be little or no difference among Florida 
varieties in this respect, all of them being affected at times by both 
blue- and green-mold rot and stem-end rot. 

Careful handling is necessary at all times to avoid injuries to the 
fruit and the decay, chiefly blue-mold rot or green-mold rot, which 
frequently follows injuries. 

A free circulation of air around the boxes is desirable because 
it aids in keeping down decay and spotting of the fruit. A relative 
humidity of 80 to 85 percent is sufficient to hold the shriveling of 
packed oranges to the minimum and retards decay more than does 
a higher humidity. 

Oranges should not be stored with eggs or butter or in places where 
there is a possibility for the orange odor to penetrate into egg or 
butter storage rooms. 

PEACHES 


(Temperature, 31° to 32° F.; relative humidity, 80 to 85 percent) 


Peaches are not adapted to cold storage. However, if they are 
sound and well matured but not overripe, they can be held at 31° 
to 32° F. for 10 days to 2 weeks with little or no bad effect on the 
flavor, texture, or appearance of the fruit. Storage for longer 
periods is usually harmful to all of these characters. The peaches 
lose their flavor and natural bright color and become either dry and 
mealy or wet and mushy. Im either case they show marked browning 
of the flesh, especially around the stone. 


PEARS 


(Temperature: Bartlett pears, 30° to 31° F.; fall and winter pears, 31° to 32°. 
Relative humidity for all varieties, 85 to 90 percent) ; 


BARTLETT PEARS 


The successful storage of Bartlett pears (74) depends not only on 
the temperature and humidity in the storage room but also on the 
condition of the fruit when stored. If the highest quality is to be 
obtained, Bartlett pears for storage should not be removed from the 
tree until the ground color begins to hghten and the lenticels have 
corked over. If picked before reaching that stage, they have a 
marked tendency to wilt, scald, and break down in storage. They 
also tend to break down in storage if picked when too ripe. The most 
desirable temperature for the storage of Bartletts is 30° to 31° F. 
The relative humidity should range from 85 to 90 percent. The 
maximum period for the successful storage of Bartlett pears is 30 
to 45 days. 


FALL AND WINTER PEARS 


For fall and winter varieties of pears (79) such as Anjou, Bose, 
Clairgeau, Comice, Easter, Hardy, Seckel, and Winter Nelis the most 
desirable storage temperature is 31° to 82° F. The length of time 
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for which it is safe to store depends on the variety and when it is 
picked, and also on whether the fruit is shipped directly to a con- 
suming center and there stored, or is stored at shipping point for 
a time and later shipped to mar ket. Information on these points is 
given in table 4. In using the table it should be remembered that 
wide differences in keeping quality are often found in pears from 
various producing sections of the country. 


TABLE 4.—Length of time at various temperatures for safe storage of certain 
varieties of pears at shipping point and after shipment to market (14, 19) 


Length of 
Storage treatment and variety storage End of storage period 
period 

Stored immediately after harvest at 36° F.: Months 
JB UPS CA at ee ga GU i A ot 1-2 | September to October. 
WOTMMICS ey PUENTE a OE BE eM tO a 1-2 | October. 
BOS Geer acne al EAN ML ape Aisa Ps anes Lg OMSL erie Us Ja 2-4 | November to January. 
Clairgea ul) S22 aS GREER LRA DIE. se | SAAN AR a 3-5 Do. 
NEAT OM HEY INS EMSS Sa Un TY Ie 4-5 | January to February. 
1 BES LS Ge SPI UG oO RE RU 4-7 | February to May. 

Stored immediately after harvest at 31° F.: 
VE URE Lana A FS A aS BO UA RM 2S 8 RU 2-4 | October to December. 
COMI Cee ecw ie rer EERE ae NE MoE Pracbrene fk lh MA OI 2-4 Do. 
BOS Ceres ene a Me RCN MP Re eS ROTI C1 SRR Ta 3-5 | November to January. 
Wain gee tazs Bae ree eee ease i aU, 6 | February. 
NVVETUG OR INGOTS eek ee RCN EE I SR EE SS, TR 6-7 | March to May. 
BEY AS GET Ren A LAS AR eR NNR AEN), ARR LR 5-7 Do. 

Stored after shipping without precooling, but under refrigeration 

at 31 

BES OSC eee lev ea) an Beg ey PE 2-3 | November to December. 
Gilat re ya RN OY BB RS CE 2-6 | October to February. 
WV SIT GET RING] Seis hae aR Nido es 2 CRUEL i 2-4 | October to January. 
SDV S) EY eh Oa SS A oa ES CI 4-6 | January to March. 

pee after shipping fruit precooled, and under refrigeration a 

Bie | 

Hardy SP ek EMEP ALLA Ya oes Oy Os ABBE 8 Br NU Nim Mier Lo gS 2-3 | October to November. 
COT CO Ret eee REO AG ei LS 22 DUES M Nge Gn 2-3 | November to December. 
Bose ey EN eee MY 24 18 ARN A AB Bp CUA Vee Ro ch la Sa 2-5 | October to January. 
COs a aii ch ar S50 ih BRT A ACE ga SU Ar AL 3-6 | November to February. 
DMV ALTACE TRIN 11S ee ee EN es erp ee LIE AO AN AN 6-7 | March to May. 
A SDSS FS) ree ey a oe ps) 2 IR MP ee ie MCD Soe J A 5-7 Do. 

Picked in recommended range of 10 to 9 pounds: ! 
HEENEAT; CU yt ae tae cena ORM SUCRE A AS TAI 6 UR AA a (2) 

Picked in recommended range of 11.5 to 9 pounds:! 
Wom cen sees Nae NI el wall DI OT IS, See Ese (2) 


1 Degree of firmness as indicated by the pressure tester described by Magness and Taylor (16). 
2 Doubtful if fruit would arrive in firm enough condition to hazard commercial storage. 


The commonest and most serious decay of fall and winter pears 
in storage is gray-mold rot, caused by the fungus Lotrytes, which is 
able to spread from decaying to sound healthy fruit. It is fre- 
quently called nest rot. Good control can usually be obtained by 
the use of paper wrappers impregnated with copper (4). 

Kieffer pears, if they are sound, firm, and still green in color when 
stored and are held under the conditions recommended for other 
fall and winter pears, can be expected to keep satisfactorily for 2 or 3 
months. If intended for storage they should be handled with ex- 
treme care during the picking and packing process, because even 
slightly bruised or rubbed places are very likely to turn black and 
seriously damage the sales value of the fruit. Recent investiga- 
tions * by the Department of Agriculture have proved that a ripen- 
ing temperature of 65° F. is essential for the attainment of maximum 
quality in Kieffer pears for either dessert or canning purposes. 


® Unpublished data of the Bureau of Plant Industry. 
176687 °— 33 3 
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PLUMS (INCLUDING PRUNES) 
(Temperature, 31° to 32° F.; relative humidity, 80 to 8&5 percent) 


Plums and prunes (fresh) are not stored extensively and are not 
adapted to long cold storage. Such varieties as Abundance, Wild 
Goose, and those of the damson type store better than the softer- 
fleshed plums such as Santa Rosa, Beauty, Wickson, and Duarte; 
none of them can be expected to remain in good condition even at 
32° F. for more than about 2 weeks. After that time they become 
too soft for commercial handling and lose somewhat in flavor. 

The most important commercial shipping and storage variety is 
the Italian prune. At a temperature of 32° F., 15 days is about 
the maximum cold-storage period for this fruit if a shipping period 
is necessary before the fruit goes on the market. After arrival at 
market prunes cannot safely be held in cold storage for more than 
about 3 weeks. If held longer there is danger that internal brown- 
ing will develop, as well as abnormal odor and flavor. 


QUINCES 


(Temperature, 31° to 32° F.; relative humidity, 80 to 85 percent) 


The behavior of quinces in storage is about the same as that of 
early winter varieties of apples such as Jonathan and Grimes 


Golden. 


RASPBERRIES 


(Temperature, 31° to 32° F.; relative humidity, 80 to 85 percent) 


Fresh raspberries, blackberries, Logan blackberries, and dewber- 
ries are not adapted to storage and are usually not stored commer- 
cially. For short periods, 10 days to 2 weeks, they can be kept in 
fair condition by storage at 31° to 32° F. in a humidity of about 80 
to 85 percent. 

STRAWBERRIES 


(Temperature, 31° to 32° F.; relative humidity, 80 to 85 percent) 


Fresh strawberries are not stored commercially except for very 
short periods; 10 days is probably the maximum. Even for so short 
a time as this the temperature must be kept below 40° F’. to prevent 
loss from decay caused by certain low-temperature fungi such as 
gray mold and Phytophthora, the fungus which causes leather rot; 
31° to 32° is still better. After about 10 days, sometimes sooner, the 
fruit. loses its fresh bright color, shrivels more or less, and deterio- 
rates in flavor. 

DRIED FRUITS 


(Temperature, 32° to 50° F.; relative huntidity, 70 to 75 percent) 


Dried fruits, including prunes, raisins, apricots, peaches, and figs, 
are held both in cold storage and in ordinary warehouse storage, at 
temperatures ranging from 32° to 50° F. A relative humidity of 
60 to 65 percent has been found most satisfactory for the storage of 
these commodities and is in fact about the degree of humidity which 
large operators often find has become established automatically in 
large rooms given over wholly to dried fruits. If stored in a ware- 
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house, the packages of fruit are usually stacked closely together to 
prevent excessive drying out. Dried fruits do not need the ventila- 
tion required by fresh, living fruits and vegetables. The storage 
room should not be in a basement because of the danger of too high 
humidity and the consequent development of mold; in fact, an upper 
floor is preferable, as such a location is usually drier. The storage 
room should be kept dark and should be well screened to prevent the 
entrance of insects or rodents. 

In cold storage, temperature and humidity conditions are more 
easily controlled, and vermin are usually held in check or kept out 
entirely by the low temperature. Dried fruits will usually keep for 
about a year in cold storage (at 32° F.), whereas in the warehouse 
or in common storage 4 to 6 months is often the extreme limit. After 
prolonged storage, even at low temperatures, dried apples darken, 
and prunes, figs, and raisins tend to “sugar”, especially, if their 
moisture content is high when they are first stored. 


FROZEN FRUITS 
(Temperature, 15° to 20° F.) 


Frozen fruits, packed either with or without sugar, should be held 
in tightly closed containers and preferably at about 15° F. if they 
are to be stored for several months. The temperature of the fruit 
should not rise above 20° during the storage period, otherwise there 
is danger of fermentation and spoilage. ‘The same undesirable 
changes may occur if the freezing takes place too slowly. Exper- 
ience has shown, however, that they can usually be prevented if the 
fruit is sound and clean when packed and the temperature of the 
freezing room is kept below 10° F. Some packers use a temperature 
asulow, as =-9; (6). 

NUTS 


(Temperature, 30° to 32° F.; relative humidity, 75 to 80 percent) 


The commercial nut crop, including walnuts, filberts, almonds, 
Brazil nuts, pecans, and peanuts, is usually held in ordinary ware- 
house storage through the winter following harvest. If any of it is 
to be kept through the following summer, either as nut meats or in 
the shell, it should be placed in cold storage in March or early April 
at a temperature of about 32° F. Some handlers of pecans prefer to 
put them into cold storage as early as February. The relative 
humidity for nuts should be maintained at 75 to 80 percent. 

The commercial crop of chestnuts is rarely held in any other way 
than in cold storage, whereas peanuts are held almost entirely in com- 
mon or warehouse storage. Brazil nuts can usually be kept satis- 
factorily in warehouse storage, provided they are well dried or cured 
before being stored. If it becomes necessary or desirable to hold 
them through the next summer, they should be placed in cold storage. 

Nuts that are sound and well cured when stored, and are trans- 
ferred to cold storage at the proper time, as indicated above, should 
remain free of mold or rancidity for about a year after harvest. 

The fumes of ammonia are very objectionable in rooms where nuts 
are stored, because they produce a browning or blackening of both 
shells and meats. 
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VEGETABLES 


By R. C. WRIGHT, physiologist 


The recommended temperature, relative humidity, and approxi- 
mate length of storage period for the commercial storage of vege- 
tables are given in table 5. Detailed descriptions of these require- 


ments are given in the text following. 


TABLE 5.—Recommended temperature, relative humidity, and approrimate length 
of storage period for the stcrage of various vegetables 


: Temper- 
Commodity eee 
ae ce 
JASPATASUS ioe a ee BE ROR pee Oe a 32 
Beans: 
GLCENIOL SNAp eae a! eee iS FERS ea ee 32 
iH OG ee Neg BN ee pe RE A OO Ok MMT Ea 8 9 ee 32 
Beets 
FRO PPC ee ee Fe Sl I eae ea 32 
B12 Chiles es oe ee ee BL Ce ee eee he 32 
ARTO CGO NTE eal wie pe et as So SE eee 32 
Wabbaceses2.22 tse ree yeah sae ee ES es 32 
Carrots: 
oA BUOY 8) O61 LEA sip eal ol Sa Ta Eee ee 32 
BUNGIE 820 Fie ies sare hy cea eae Ee. 32 
Cauliffow ere alee as eee eae ieee cents eS OO 32 
Weleny?e 2608 ee ee ee EE NE 31-32 
Worm (GNC) Ses es sh eee ee Le 31-32 
CUCUIMDETS Stee 2 Sh Oa AA Ot tee e ek LAU 50-60 
He oplanits =. 2 Seabee eee ae pe oe tee 50-60 
DOV BO 5 Vp Bae A LS a a Fs are Eh al re R= 32 
Grarlics (diriy) aoe eee iio nd 8 os eer se 32 
BEFORSCEAGIS DEY Seg oie Oa nea epee aL ee 32 
Jerusalemvartichokest=) sees = a ee eee 31-32 
Weekse(eTeen) aes Jee eines Sole eR ER ue an eee 32 
MAG LLU CORSE Whe oe ta Be REP UR UE aee es SE cn 32 
Melons: 
NVVSSLOTINIE] OTIS © 2a es ee es EE gee eee 50-55 
Miuskamelon (cantaloupe) -..-==--2 2 50-55 
Honey Dew and Honey Ball_____________________ 50-55 
Casabatand Persian’ = sas Sti kay hee ee 50-55 | 
Onionsrangdonionisetss= te ee 32 
MATS TU YOS hea eae eee eat lle LE alia el eens Nat ea 32 
(Reast(areen) eye 2 22 ea eh eee ee 32 
Peppers: 
CHD (diy) Sse ea Se Ce ee ee See text 
Sipe [etal Se SS as aie eae NG oe SNe See eta 32 
PEO CAT ORS Sees a os ee ee SURE nee a SP es 36-50 
PUT RATS Ee Ee Re ov ee aie Ah | 55-60 
Radishes (wanten)Pes cseees ee eet ee 32 
RW Dar yess es Se a es ee 32 
TRU EADA CASS sae hee a A oh eee ee Pee Se 2 
SalSih yee ae ee en ee cry een eae ins ee Na 32 
Spinach .2o vy _ te coh knee eyed ys ae | 32 
SOAS HE Guy TU GON) 22 os ae a a eee a 55-60 
Sweespotatoes =)2 bs ate ey ee ee et 50-55 
Tomatoes: 
DELP sen a ile on STE Tee LU Ee ee ene eet RL 50-55 
IMA tUTeLeTeen Wace 5 Cee pe Beh ee Wins ee bs 2 4 55-70 
MIT TITS eee kt i gg ge ee aN | 32 
1 See footnote 1, table 3. 2 Flesh. 
ASPARAGUS 


Pie | ; | Average 
Relative Approximate length) : 
+e | = + | freezing 
humidity, of storage period point 1 
Percent ny fk: 
85-90 | 3+o 4 weeks_______ 29. 80 
85-90) 222 (Uc Sei reese Leys 29. 74 
85-90 j-.__- (6 (apenas Ma aU Sethe VEN 
90-95 | 1 to 3 months__-___ 26. 90 
85-90 | 7 to 10 days__-_-_-- ahi cea ee 
85-90 | 10 to 15 days_____- 29. 20 
90-95 | 3 to 4 months____- 31.18 
| 
90-95 | 2 to 4 months____- 29. 57 
90-954) ato 10) days) eee | eee 
85-90 | 2 to 3 weeks______- 30. 08 
90-95 | 2 to 4 months____- 29.73 
85-90 | See text___________ 28. 95 
80-85 | 6 to 8 days____-___ 30. 50 
85-90!) 10. days2 oe 30. 41 
90-95 | 2 to 3 weeks______- 30. 90 
70-75 | 6 to 8 months____-_ 25. 40 
85-90 | 4 to 6 months____- 26. 40 
90-95 | 2 to 5 months_____ 27. 50 
85-90 | 1 to 3 months____- 29. 20 
90-95 | 2 to 3 weeks______- 31. 20 
= f 229.20 
75 85 sssos do asses soseee ss \ 3 ee B) 
Ld 2 9. 
75-85 | 1 to 3 weeks_______ { 23. 50 
oe 29. 00 
75-85 | 3 to 4 weeks______- { sea 
75-85 | 4 to 6 weeks:______|___._____- 
70-75 | 5 to 6 months__-__-_ 30. 09 
90-95 | 2 to 4 months_____ 28. 90 
85-90 | 1 to 3 weeks______- 30. 03 
(0=(52)) 63to 9 monthss-2s3— See a 
85-90 | 4 to 6 weeks_______ 30. 09 
85-90 | See text______---_- 28. 92 
70-75 | 2 to 6 months_____ 30. 15 
90-95 | 2 to 4 months_____|__________ 
90-95 | 2 to 3 weeks____-__ 28. 40 
90-95 | 2 to 4 months_____ 27.10 
90-95 |_____ d0ss 2S ea 28. 40 
90-95 | 7 to 10 days______- 30. 64 
70-75 | 2 to 6 months_____ 29. 30 
80-90 | 4 to 6 months___-_-_ 28. 44 
80-85 | 7 to 10 days_-_-__-_- 30. 38 
80-85 | 1 to 6 weeks_______ 30. 40 
90-95 2 to 4 months__-__-_ 30. 23 
3 Rind. 4 See text. 


(Temperature, 32° F.; relative humidity, 85 to 90 percent) 


Fresh asparagus is not usually stored except temporarily when the 
market is overstocked. Experiments have shown, however, that it 
can be kept successfully for 3 to 4 weeks at a temperature of 32° F. 
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Within this temperature range, growth of the stalks, which takes 
place at higher temperatures, is practically nil. The original tender- 
ness of fresh asparagus, which at ordinary storeroom temperatures 
is lost soon after cutting owing to the formation of woody tissue, 1s 
preserved at this lower range of temperatures. Furthermore, the 
sugar content, to which asparagus owes some of its flavor and which 
after cutting rapidly diminishes at higher temperatures, remains 
practically the same as when the asparagus is cut, if it is put in stor- 
age immediately after cutting. Therefore, the sooner asparagus is 
placed in proper storage after harvesting the better will be its con- 
dition when used. The loss of water while in storage or transit is 
likely to be great if the stalks are not stood on wet moss or other 
moist absorbent material placed in the bottoms of the crates. In 
storage, asparagus bunches are sometimes set in water in shallow trays 
or pans. After a long haul to market asparagus should not be ex- 
pected to keep in storage for more than 8 to 6 days. 


BEANS 
(Temperature, 32° F., relative humidity, 85 to 90 percent) 


GREEN OR SNAP 


Green beans are usually stored only for short periods. They may 
be stored at 32° F’. and be expected. to keep 3 or 4 weeks provided 
they are placed in storage promptly and in good condition. The 
humidity should be not lower than 85 percent to prevent wilting, and 
the hampers or other containers should be so stacked as to allow 
abundant air circulation. If the containers are packed closely to- 
gether, the temperature may rise somewhat due to the heat given 
off by the commodity and more or less rapid decay may be expected. 
Tf stored too long the pods will become moldy or slimy. 


LIMA 


Shelled lima beans are sometimes stored in quart baskets and if 
fresh and sound when stored at 32° F. can be expected to keep in 
good salable condition for about 15 days. If stored too long the 
beans tend to fade to a light color and become sticky to the touch 
if handled. Unshelled lima beans can be held satisfactorily for 3 


to 4 weeks. 
BEETS 


(Temperature, 32° F.; relative humidity, 90 to 95 percent) 


Late beets stored at 32° F. may be expected to keep 1 to 3 months 
under suitable storage conditions. EKither cold storage or cellar 
storage is suitable, provided the humidity is kept sufficiently high 
to prevent wilting. Cellar storages often have a higher average 
temperature range than is recommended, and under these conditions 
the period of successful storage will be comparatively shorter. The 
temperature in such storage should not go above 50°. Beets are quite 
subject to wilting because of the rapid loss of water and should be 
kept where the humidity is sufficiently high to prevent excessive 
evaporation. 

Before going into storage, beets should be prpred and well sorted 
to remove all diseased specimens and those showing mechanical in- 
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jury, in order to prevent undue shrinkage because of storage decay. 
Beets may be stored in ventilated barrels or better in slat crates. 
Storage in large bulk should be avoided. Bunch beets may be stored 
for a week to 10 days if the leaves are free of surface moisture and 
the bunches are not packed so as to exclude air from the tops. 


BROCCOLI (ITALIAN OR SPROUTING) 
(Temperature, 32° F.; relative humidity, 85 to 90 percent) 


Italian or sprouting broccoli is usually held in storage for only 
short periods. If in good condition and stored with sufficient venti- 
lation between the packages it should keep satisfactorily for 10 to 
15 days. 

CABBAGE 


(Temperature, 32° F.; relative humidity, 90 to 95 percent) 


A large percentage of the late crop of cabbage is stored and sold 
during the winter and early spring, or until the new crop from the 
Southern States appears on the market. If stored under proper 
conditions cabbage should keep for 3 to 4 months. The longest 
keeping varieties belong to the Danish Ballhead class. Cabbage is 
most successfully held in common storage in the Northern States, 
where a fairly uniform inside temperature from 32° to 35° F. can 
be maintained. Many such storage houses are to be found, prin- 
cipally in New York, Pennsylvania, Michigan, and Wisconsin. 
Cabbage in quantity usually is not held in cold storage because its 
value does not justify the expense of handling. 

Storehouses should be insulated sufficiently to prevent freezing, 
for although shght freezing does no harm, hard freezing is hkely 
to cause considerable loss. More ventilating capacity than is re- 
quired for most other vegetables should be provided to carry away 
the excessive moisture given off by the active respiration of this 
product and to obtain the maximum advantage of the cold night 
air during mild weather. Cabbage wilts quickly if held under too- 
dry storage conditions, hence the humidity should be high enough 
to keep the leaves fresh and turgid. Bin storage is common, the 
bins usually being 4 to 5 feet wide and 10 to even 20 feet long and 
about 5 feet deep. They are best separated by slat partitions with 
4-inch air spaces between. Tiers of bins may be built as high as it 
is convenient to elevate the cabbage when filling. The use of slat 
shelves with the heads piled 1 or 2 layers deep is considered the best 
method but is too expensive when large quantities are to be stored. 

Cabbage should be handled carefully from the field to the storage. 
Before it is stored, the roots and all loose leaves should be trimmed 
away, and the damaged and misshapen heads should be culled out. 
On removal from storage the heads should be trimmed again to 
remove loose and damaged leaves. 
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CARROTS 
(Tenrperature, 32° F.; relative humidity, 90 to 95 percent) 


Carrots are stored in fairly large quantities during the winter. 
The marketing period for stored carrots extends to late winter or 
early spring when the new crop from the South appears on the 
market in competitive quantities. They are usually held in common 
storage in those sections where the storage temperature can ordi- 
narily be held sufficiently low. Carrots are sometimes held in cold 
storage, although the prices obtained for them do not usually justify 
this kind of storage. 

It is generally considered that very hght freezing causes prac- 
tically no injury to carrots, but they should be protected from 
severe freezing and are best stored at a temperature of 32° F. They 
are subject to wilting or drying out if the humidity is not fairly 
high; for this reason they are more easily kept in a well-ventilated 
cellar or bank storage. The relative humidity should be maintained 
at 90 to 95 percent. 

Before being placed in storage, carrots should be topped and all 
misshapen or injured specimens sorted out. The latter are especially 
objectionable because their presence in a storage lot favors the de- 
velopment of two serious diseases of stored carrots, namely, watery 
soft rot and bacterial soft rot. Carrots are best kept in slat crates 
or ventilated barrels, and allowance for air circulation should be 
made between the containers. 

Bunch carrots may be stored for a week to 10 days and the tops 
still retain a fresh appearance if they are not crowded in storage 
and the tops are free from surface moisture. 


CAULIFLOWER 
(Temperature, 32° F.; relative humidity, 85 to 90 percent) 


Cauliflower is not usually kept in storage; however, an oversupply 
in the market can be stored to await more favorable conditions. 
Experiments have shown that cauliflower can be held satisfactorily 
for 2 to 3 weeks at 32° F. 


CELERY 
(Temperature, 31° to 32° F.; relative humidity, 90 to 95 percent) 


Much of the late celery grown in the Northern States, notably New 
York and Michigan, is put into cold storage to supply the market up 
to the period in late winter when the competition of new celery from 
the South renders further holding unprofitable. Considerable celery 
from Florida is also put into cold storage toward the end of the 
shipping season from that State and held to supply the market dur- 
ing the summer, or until supphes of early, northern-grown stock 
appear on the market. 

Celery is a rather perishable commodity and under unsuitable stor- 
age conditions may suffer severely from the disease known as watery 
soft rot. This disease originates in the field and is caused by a 
fungus that is able to develop to some extent even at temperatures of 
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34° to 86° F. For this reason celery intended for storage should be 
free from decay so far as can be determined by reasonably careful 
examination, and if held only in rooms where a uniformly low tem- 
perature can be maintained, it should keep from 2 to 4 months. It 
is best stored at a temperature of 31° or 32°, with a humidity high 
enough to prevent wilting (90 to 95 percent), and with sufficient air 
circulation to keep the temperatures at the top and bottom of the 
room as nearly equal as possible. Considerable heat is given off by 
celery because of active respiration and the air at the top of a storage 
room is likely to be 3° to 4° warmer than at the bottom unless special 
precautions are taken to avoid such a condition. Air circulation can 
be maintained around the crates by using 1 by 2 or 2 by 2 inch dun- 
nage strips between the crates, which should be stacked so as not to 
touch at the sides. 

Celery should not be piled more than four crates high in storage, 
otherwise there is danger of overheating even with stock that is in 
prime condition. If it is piled 5 to 8 crates high, as 1s sometimes 
done, the room should be watched carefully to see that overheating 
does not occur. 

Some growth takes place in celery while in storage. The central 
stalks lengthen considerably, obtaining their food at the expense 
of the outer stalks and the roots. Blanching of the stalks also takes 
place in most varieties that are put into storage. Some celery is 
trimmed and washed as it comes from storage, but probably the 
larger part is shipped out in the original crates in which it was 
received (27). 

CORN (GREEN) 
(Temperature, 31° to 32° F.; relative humidity, 85 to $0 percent) 


Green corn is seldom stored, although there are occasions during 
the southern shipping season when it might be desirable to put an 
excess supply of this commodity temporarily into cold storage. 
Experimental lots of green corn, fresh from the field and chilled in 
ice water, have been held in cold storage at 32° F. for 30 days without 
impairment of quality or flavor. The sugar content which so largely 
determines quality in this product and which rapidly decreases at 
ordinary temperatures was not reduced. In order to keep this loss 
of sugar to a minimum and preserve the flavor, corn in the husks as 
it comes from the field for consumption in the fresh state should be 
cooled down to 32° to 36° as quickly as possible. This is best 
accomplished by submerging it in tanks of ice water for at least 
80 minutes immediately after removal from the field. 

Corn should not be handled in bulk because of its tendency to heat 
but should be put in baskets or crates which allow air circulation, in 
order to remove field heat and heat produced by respiration. This 
commodity as it usually arrives on the market should not be expected 
to keep in cold storage for more than 4 to 8 days. 


CUCUMBERS 
(Temperature, 50° to 60° F.; relative humidity, 80 to 85 percent) 


Cucumbers are usually held in storage only for short periods and 
cannot be expected to keep satisfactorily for much over 6 to 8 days. 
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The most favorable storage temperature range seems to be between 
50° and 60° F., with a relative humidity of about 85 percent. When 
held for longer periods of time at 50° or below, dark-colored watery 
areas appear which are an indication of low temperature injury. 
These areas soon become infected and mold growth develops. If 
held at 50° little or no breakdown develops within 4 or 5 weeks, 
but the cucumbers tend to ripen, the color changing from green 
to yellow. 
EGGPLANTS 


(Temperature, 50° to 60° F.; relative humidity, 85 to 90 percent) 


Eggplants cannot be expected to keep satisfactorily in storage 
for more than about 10 days. 


ENDIVE OR ESCAROLE 
(Temperature, 32° F.; relative humidity, 90 to 95 percent, 


Endive or escarole is a leafy vegetable and therefore is not adapted 
to long storage. Even at 32° F., which is considered to be the best 
storage temperature, it cannot be expected to keep satisfactorily for 
more than 2 or 38 weeks. The storage requirements for endive are 
practically the same as for lettuce. Like lettuce it should keep some- 
what longer than the period just mentioned if it is stored with cracked 
ice in or around the packages. The relative humidity in rooms 
where endive is held should be kept at 90 to 95 percent in order to 
prevent wilting. 

A certain amount of desirable birehing usually occurs in endive 
that is held in storage. 


GARLIC (DRY) 
(Temperature, 32° F.; relative humidity, 70 to 75 percent) 


Garlic is best stored under the temperature and humidity con- 
ditions required for onions. If in good condition and well cured 
when stored, this product should keep for 6 to 8 months. In central 
California, where considerable garlic is grown, it is frequently put 
in common storage where it may be held for 3 to 4 months or some- 
times longer if the building can be kept cool, dry, and well venti- 
lated. Garlic is stored in loose mesh bags which are piled two layers 
deep in stacks separated by air spaces. “It is essential that garlic be 

well cured in the field before going into storage. 


HORSERADISH 


(Temperature, 82° F.; relative humidity, 85 to 90 percent) 


Horseradish should keep satisfactorily for 4 to 6 months if stored 
under the same conditions as those recommended for carrots. 


JERUSALEM ARTICHOKE 
(Temperature, 31° to 32° F.; relative humidity, 90 to 95 percent) 


Jerusalem artichokes, if held in storage at a temperature of from 
31° to 32° F. in a relative humidity of 90 to 95 percent, may be 
expected to remain in good condition 2 to 5 months. At low humid- 
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ities they shrivel badly and are more likely to decay than if kept 
in a moist atmosphere. ‘They are sometimes stored in paper-lined, 
air-tight bags, in which they seem to keep longer, with less wilting 


and decay. 
LEEKS (GREEN) 


(Temperature, 32° F.; relative humidity, 85 to 90 percent) 


Green leeks are crated and stored under conditions similar to those 
suitable for celery. If properly handled they pom keep satis- 
factorily for 1 to 8 months in storage. 


LETTUCE 


(Temperature, 32° F.; relative humidity, 90 to 95 percent) 


Lettuce is sometimes put in cold storage when there is a surplus 
on the market, or in certain sections when the fall crop is threatened 
by approaching cold weather. If in good condition when. stored it 
can be expected to keep for 2 or 3 weeks. ‘There is some evidence that 
it can be kept in better condition if ice is placed in the packages at 
the time of storage. 

One of the most troublesome diseases of lettuce in transit and stor- 
age is tipburn of the type that develops in the interior of the head. 
This injury appears in the field, but in the later stages of the market- 


ing process it is frequently followed by a slimy bacterial decay which — 


may result in serious damage. Frequent inspection of stored lots is 
desirable. 
MELONS 


(Temperature, 50° to 55° F.; relative humidity, 75 to 85 percent) 


Melons of all kinds tend to decay rather rapidly if the humidity 
is too high. A humidity of about 85 percent should be satisfactory 
for all varieties. Immature melons will be prevented from ripening 
satisfactorily if stored at the lower temperature given; therefore vs 
should only be used for ripe or nearly ripe stock. 


WATERMELONS 


The ordinary commercial varieties of watermelons cannot usually 
be expected to keep in storage for more than 2 to 8 weeks. Experi- 
mental lots have been held, at temperatures of 32° to 36° F. where 
decay did not develop as rapidly as at the recommended temperatures. 
However, there was a tendency for the melons to become pitted or 
dented and to take on an objectionable flavor after the first week. 


MUSKMELONS (CANTALOUPES) 


The varieties of muskmelons (cantaloupes as known on the market) 
usually will not keep in storage for more than 1 to 3 weeks. Like 
watermelons, when stored at 32° to 36° F. for about a week, musk- 
melons tend to become pitted, and the flavor is impaired. 


HONEY DEW AND HONEY BALL MELONS 


Honey Dew and Honey Ball melons in general tend to keep a little 
longer in storage than muskmelons. The storage period should be 
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expected to extend for 3 to 4 weeks. These melons also tend to show 
some pitting at storage temperatures of 32° to 36° I. and show the 
pitting more plainly because of their smooth, light-colored surfaces. 


CASABA AND PERSIAN MELONS 


Casaba and Persian melons are relatively good keepers. They will 
remain in good condition in storage for at least 4 weeks and have 
been reported to keep as long as 6 weeks. 


ONIONS AND ONION SETS 
(Temperature, 32° F.; relative humidity, 70 to 75 percent) 


Onions are held either in common or in cold storage. In the 
northern onion-growing States, strongly flavored varieties mostly of 
the globe type are generally held in common or dry storage. The 
principal northern onion-producing States have a sufficiently low 
average winter temperature so that onions can be successfully held in 
common storage there during the winter months. About one third 
of the onion crop of these States, however, is put into cold storage for 
consumption late in the spring. About the first of March is con- 
sidered as late as onions should be held in common storage, because 
after this time there is danger of sprouting. The mild or Bermuda 
types, such as those produced in Washington, southern California, 
TYexas, and other States where the climate is not suitable for common 
storage, are usually consumed shortly after being harvested. ‘These 
onions can be, and limited quantities are, held in cold storage, but 
usually for much shorter periods than the globe varieties because of 
their poorer keeping qualities. The Spanish or Valencia type of 
onions grown in this country are often stored and, if well matured, 
are considered capable of storage for practically as long as the globe 
type. 

A comparatively low relative humidity (70 to 75 percent) is very 
desirable for the successful storage of onions. At higher humidities, 
in which many other vegetables keep best in storage, onions are dis- 
posed to root growth and decay. The commonest form of the latter 
is gray-mold rot occurring at the top of the bulb, whence its name 
“neck rot” (29). The fungus causing it can develop to some extent 
even at 32° I’., hence onions intended for storage should be carefully 
sorted over to remove all diseased bulbs. A uniform temperature of 
32° is found to be sufficiently low to keep onions dormant and reason- 
ably free from decay provided they are in good sound condition and 
well cured when stored. 

Onions are not perceptibly injured by slight freezing if allowed to 
thaw out slowly and without rough handling. In cold storage they 
are usually held in bags of 100 pounds each, which are best piled in 
pairs laid crosswise in stacks 5 or 6 sacks high. The stacks should 
be set a few inches off the floor on 2 by 4 inch strips, and the indi- 
vidual stacks separated by a few inches of space to allow for air 
circulation. When kept in common storage, onions are best stored 
in slat field crates holding about 1 bushel, rather than in bags. Be- 
fore being placed in storage onions should be well dried or cured in 
the field for a period of 4 to 6 weeks and all decayed specimens or 
those showing thick or “ bottle ” necks should be sorted out. 
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Onion sets are usually held in common storage. They require 
nearly the same conditions as large onions and are best stored in 
shallow slat-bottom crates or trays not over 4 inches deep and about 
5 by 5 feet in some districts or 2 by 3 feet in others. The corner 
posts of the crates should project about an inch above the side pieces 
in order to prevent the crates from resting tightly on each other when 
stacked and to allow air circulation between them. Because of their 
size, onion sets tend to pack closely in the crates, hence it is essen- 
tial to allow as much air circulation as possible and to maintain a 
comparatively low humidity. 

PARSNIPS 


(Temperature, 32° F.; relative humidity, 90 to 95 percent) 


Parsnips have nearly the same storage requirements as carrots, 
and should keep for 2 to 4 months. They are not injured by slight 
freezing while in storage but should be protected from hard freezing 
and should be very carefully handled while in a frozen condition. 
Parsnips dry out readily in storage, hence it is essential that the 
humidity of the storage place be kept relatively high. Parsnips are 
sometimes stored in sand or clean soil to prevent wilting, but they 
will keep in good condition when held in barrels or crates if the 
proper humidity is maintained. 


PEAS (GREEN) 


(Temperature, 32° F.; relative humidity, 85 to 90 percent) 


The same storage conditions are required for green peas as for 
beans. Shortly after picking, green peas tend to lose part of their 
sugar content on which much of their flavor depends. They cannot 
be expected to keep in salable condition for more than 1 to 3 weeks 
unless packed in crushed ice, in which condition the storage period 
may be extended perhaps a week. 


PEPPERS 


CHILI (DRY) 


(Temperature, see text; relative humidity, 70 to 75 percent) 


Chili peppers are usually picked when ripe and then dried and 
allowed to equalize in moisture content in covered piles. Water is 
usually added to the peppers after drying, and as a result they 
become less brittle. They are then packed tightly by tamping into 
sacks holding 200 to 800 pounds and stored in warehouses for a 
period often lasting for 6 to 9 months. 

The temperature of the warehouses depends to some extent on their 
construction and the way in which they are managed but chiefly 
on the outside temperature. In southern California, where a large 
part of the commercial crop of Chili peppers is produced, the outside 
temperature ranges from 50° to 80° F. during the usual storage 

eriod. 

: The moisture content of Chili peppers when stored is generally low 
enough (10 to 15 percent) to prevent mold growth; the chief storage 
trouble is insect infestation. Some manufacturers of Chili-pepper 
products hold part of their supply of the raw material in cold 


le eet emits 


COMMERCIAL STORAGE OF FRUITS AND VEGETABLES 29 


storage if this seems necessary, but they prefer to grind the peppers 
as soon as possible and store them in the manufactured form in air- 
vight containers. 


SWEET 


(Temperature, 32° F.; humidity, 85 to 90 percent) 


Sweet or bullnose peppers, if in good condition, may readily be 
kept fresh in storage for a month to 6 weeks at a temperature of 
32° F,. A humidity of 85 to 90 percent is desirable to prevent 
shrinkage (77). 

POTATOES 


(Temperature, 36° to 50° F.; humidity, 85 to 90 percent) 


Potatoes are stored either in cold or common storage, but the 
greater part of the crop that is stored is held in common storage 
(26). Like most other vegetables that can be held for relatively 
long periods in common storage, only in the northern tier of States 
where a sufficiently cold winter climate prevails can potatoes be suc- 
cessfully kept during the fall and winter months. In either cold or 
common storage a temperature of 40° I’. is as low as table or seed 
stock need be kept during the first few months after harvest. At 
temperatures below this, there is a tendency for potatoes to become 
undesirably sweet. However, if they should become too sweet, a few 
days’ exposure to ordinary living-room temperature will partly re- 
store the natural flavor. At 40° potatoes will remain dormant 3 to 
5 months after harvest, depending on the variety. If it is desired 
to keep them longer than this, as is often the case with seed stock, 
the temperature may be lowered to 36° or 38° F’., where they should 
remain dormant indefinitely. 

Recent investigations (78) have indicated that potatoes stored at 
50° to 60° F. have better texture, color, and flavor when cooked 
or made into chips than the same stock stored at lower temperatures, 
although the higher temperatures are not suitable for long-time 
storage. When storing potatoes at these higher temperatures, sprout- 
ing will more quickly become apparent. <A limited amount of sprout- 
ing does not injure potatoes for food purposes, but it makes the 
stock difficult to market because usually only dormant potatoes are 
wanted. After sprouting has started it can be checked by lowering 
the storage temperature. 

The relative humidity of a potato-storage house should be 85 to 90 
percent to prevent undue shrinkage through loss of water. In cold 
storage potatoes are generally kept in sacks holding from 100 to 150 
pounds net; in common storage they are usually placed in bins hold- 
ing from 150 to as much as 1,000 bushels or more. Farther north, as 
in Maine or northern New York where the average temperature is 
sufficiently low, the large bin storage is used with success, but in the 
States in the latitude of Pennsylvania it is doubtful if potatoes should 
be stored in such large units. Potatoes are readily injured by even 
slight freezing, which takes place at about 29° F. or slightly below, 
hence common-storage buildings should be sufficiently insulated to 
prevent freezing. Insulation will also prevent the condensation of 
moisture on the walls and ceilings, and the consequent undesirable 
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wetting of stored stock, which favors the development of decay 
(24). Sufficient means of ventilation should be provided in common 
storage to take advantage of the cool night air in mild weather 
which will aid in preventing excess moisture and maintain a lower 
average temperature. 

Potatoes intended for storage should be handled carefully to 
avoid bruises and cuts, otherwise they are likely to be damaged by 
various forms of decay before the end of the storage period. 


PUMPKINS 


(Temperature, 55° to 60° F.; relative humidity, 70 to 75 percent) 


In general most varieties of pumpkins will not keep in storage 
as long as the usual storage varieties of squash. Such varieties as 
Connecticut Field and Cushaw are relatively poor keepers and can- 
not be expected to hold in good condition more than 2 or 3 months. 
Varieties like Large Cheese and Table Queen will keep 3 to 6 months. 

Hard-shell squashes, such as the Hubbards, can be successfully 
stored for 6 months or longer. 

All stock should be well matured, carefully handled, and free 
from injury or decay when put in storage. The best storage tem- 
perature appears to be from 55° to 60° F. with a relatively low 
humidity of about 70 to 75 percent. Investigations have shown that 
a preliminary curing at from 80° to 85° IF. for about 2 weeks is of 
benefit in ripening immature specimens and in healing mechanical 
injuries incident to harvesting. 


RADISHES (WINTER) 


(Temperature, 32° F.; relative humidity, 80 to 95 percent) 


Winter radishes require the same storage conditions as carrots 
and should keep in good condition for 2 to 4 months. 
RHUBARB 


(Temperature, 32° F.; relative humidity, 90 to 95 percent) 


Rhubarb stalks if fresh and in good condition may be stored for 
2 to 3 weeks. The bunches should be packed in crates which are 
stacked to allow ample air circulation on all sides, otherwise there 
is danger of heating and also mold growth. 


RUTABAGAS 


(Temperature, 32° F.; relative humidity, 90 to 95 percent) 


Rutabagas require the same storage conditions as carrots and 
should keep satisfactorily under such conditions for 2 to 4 months. 


SALSIFY 


(Temperature, 32° F.; relative humidity, 90 to 95 percent) 


Salsify has the same storage requirements as carrots. The roots 
are not injured by slight freezing but should be carefully handled 
while frozen. Under the conditions specified, they should keep for 
2 to 4 months, 
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SPINACH 


(Temperature, 32° F.; relative humidity, 90 to 95 percent) 


Spinach is usually stored only for short periods. It should keep 
fairly well for a week or two after cutting. If crushed ice is used 
in the packages, this period can be extended somewhat. 


SQUASHES 


See pumpkins. 
SWEETPOTATOES 


(Temperature, 50° to 55° F.; relative humidity, 80 to 85 percent) 


The requirements for the successful storage of sweetpotatoes differ 
from those recommended for most other vegetable crops. When 
freshly dug sweetpotatoes are to be stored for any length of time 
they should be given a preliminary curing treatment to permit 
the healing of all wounds or abrasions incident to harvesting and 
handling, in order to prevent the entrance of decay organisms. 

The curing and storing are done in the same house so that the 
potatoes do not have to be moved after the curing treatment. When 
commercial lots are handled the storage house is generally of 
special construction with sufficient insulation to maintain a uniform 
temperature, and some means of ventilation that will insure the 
desired humidity. Provision should be made for heating the build- 
ing during the curing process and for holding the proper storage 
temperature afterward. ‘The curing process ordinarily takes from 
10 to 14 days, during which the house is kept at a temperature of 
80° to 85° F., with a relative humidity of 80 to 90 percent. After 
the curing period the storage temperature is allowed to drop to a 
range of 50° to 55° with a humidity of 80 to 85 percent. Short 
periods of a few hours at temperatures somewhat lower than 50° need 
not cause alarm, but prolonged periods should be avoided because of 
the danger from certain types of decay which are more likely to 
develop at temperatures below the range given (J0, 2S). 

Only well-matured stock that is practically free from mechanical 
injury or decay should be used for storage. Sweetpotatoes are 
usually stored in slat crates of about a bushel capacity or in bushel 
baskets. Shallow bins are sometimes used. 


TOMATOES 


(Temperature, ripe, 50° to 55° F.; mature green, 55° to 70° F.; relative humidity, 80 to 
85 percent) 


Ripe tomatoes are held in storage only temporarily and should 
not be stored at temperatures lower than 50° F. At 50° to 55°, if 
not already soft ripe, they will keep in good condition for a week 
to 10 days; at temperatures lower than this they sometimes show a 
tendency to break down. 

Green tomatoes are best kept at a temperature not lower than 55°. 
At this temperature, ripening progresses slowly but satisfactorily 
and mature green tomatoes can be kept for 1 to 6 weeks before be- 
coming overripe. At temperatures below 55° green tomatoes do 
not ripen well, and if kept there more than 5 to 8 days and then 
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moved to warmer conditions they usually do not ripen satisfactorily. 
Exposures up to 5 to 8 days to a temperature of 40° or even some- 
what less do not usually prevent mature green tomatoes from ripen- 
ing satisfactorily when later removed to a favorable temperature. 
If fairly rapid ripening is desired, temperatures from 60° to 70° 
should be used. At 70° or above, ripening is accelerated, but so 
also is the development of decay which will be found difficult to 
control. The relative humidity of tomato storage or ripening rooms 
should be from 80 to 85 percent (37). 


TURNIPS 


(Temperature, 32° F.; relative humidity, 90 to 95 percent) 


Turnips require the same storage conditions as carrots. They can 
be expected to keep for 2 to 4 months. 


CUT FLOWERS, FLORISTS’ GREENS, RHIZOMES, TUBERS, CORMS, 
: AND BULBS 


By T. M. WHITEMAN, junior horticulturist 


The recommended temperature, relative humidity, and approxi- 
mate length of storage period for the commercial storage of cut 
flowers, florists’ greens, rhizomes, tubers, corms, and bulbs are given 
in table 6. Detailed descriptions of these requirements are given 
in the text following. 


TABLE 6.—Recommended temperature and approximate length of storage period 
for cut flowers, florists’ greens, rhizomes, tubers, corms, and bulbs 1 


Bae | A te length seer length 
: pera- | Approximate lengt ‘ pera- pproximate lengt 
Commodity ture | of storage period Commodity ture of storage period 
CF) | (° F.) 
Cut flowers: ? | Cut flowers—Contd. 
Babysbreath______ 40 | 3 to 4 days. eyacint basses 35-40 | 1 week. 
Bouvardia_-=--=* 40 | 7 to 10 days. ERIS en ee 40 | 7 to 10 days 
Butterflybush___- 40 | 3 to 4 days | Laceflower_-—----- 40 | 3 to 6 days 
Calendula______-_- 40 | 3 to 6 days. Lily: 
Calth Sees ihe 49 | 10 days. Hasters2- 52% 35 | 1 month 
Candytolt— = 40 | 3 to 6 days. Goldband____ 35 0. 
Carmatione= = 40 | 1 week. | Speciosum___- 35 Do. 
China-aster__._-—_ 40 | 7 to 10 days. Lily-of-the- 40 | 1 week. 
Chrysanthemum_ 35 | 2 weeks. valley. 
Glarkiat 2.2 Soe 40 | 3 to 6 days. Puapine® > Bees 40 | 3 to 6 days. 
Columbine_-__-___- 40 | 3 to 4 days. Warcissus__ =<... -5 32-36 | 2 weeks. 
Cornflower _-_____- 40 | 3 to 6 days. Orchid, Cattleya_| 45-50 | 1 week. 
C@EOCUSH os. | 32-36 | 2 weeks. Peony: 
Wahlgey s- ee w 40 | 7 to 10 days. Tight buds-_-_- 35 | 3 to 4 weeks. 
Daisy, English__- 40 | 3 to 6 days. Loose buds--- 35 | 10 to 14 days. 
Delphinium: Whioxe | 22 ase 40 | 3 to 4 days. 
Hardy lark- 40 Do. Poinsettia. 2 = 50 Do. 
spur. IBTIMTOSe: = cea 35-40 Do. 
Annual lark- 40 | 3 to 4 days. NOSE. 44: “Ws 2 fe 40 | 1 week. 
spur. Snapdragon__-_--_- 40 | 3 to 6 days 
Feverfew __-___--- 40 | 3 to 6 days. Snowdrop-_-_-__---_| 32-36 | 2 weeks 
Forget - me - not, 40 3to4 days. Squilie= i=. os 32-36 Do. 
true. Statice: =... = 35-40 | 3 to 6 weeks. 
Hoxclovesss22 2 40 | Do. Ste vine fee 40 | 3 to 4 days. 
TCRSIR See | 32-36 | 2 weeks. Stock, common__-_ 40 | 3 to 6 days. 
Gaillardia_ =—-.2-- 40 | 3 to 6 days. Strawflower-____-_| 35-40 | 1 month. 
Gardenias 2 5-25.2 | 45-50 | 1 week. Sweet pea______-- 40 | 3 to 4 days. 
Gladiolus_..-_---2 35 | 2 weeks. Tulip=___....--—-}) 32-36: | "2 weeks: 
esi h es se ce 2 40 | 7 to 10 days. Violepsee. =e 40 | 3 to 6 days. 


1 See footnote 1, table 3. The average freezing points which have been determined on certain cut flowers, 
bulbs, etc., are as follows: Gardenia, 28.30° F.; Easter lily, 27.50°; orchid (Cattleya), 30.08°; peony, 29.05°; 
rose, 30.04°; Oregon wild fern, 23.60°; holly, 26.50°; gladiolus (bulbs), 26.66°; hyacinth (bulbs), 28.70°; Regal 
lily (bulbs), 27.10°; tulips (bulbs), 25.39°; tulip (bloom), 28°; marcissus (daffodil, bulb), 30.1°; narcissus 
(Paper White, bulb), 28.9°. 

2 Approximately 80 percent relative humidity. 
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TABLE 6—Recommended temperature and approximate length of storage period 
for cut flowers, florists’ greens, rhizomes, tubers, corns, and bulbs—Contd. 


p pera- | Approximate length : pera- | Approximate length 
Commodity ture | of storage period Commodity ture | of storage period 
(5) (°F.) 
Florists’ greens: ? Rhizomes, tubers, 
Ferns: ete.—Continued 
Common | 32-45 | 2 weeks to4months. Grocusset b=: 3k 55-60 | 4 to 6 months 
wood. SUNT yee ee 45-50 | 6 to 7 months 
Daccere see 40-45 Do. Mireesias 1522 Se eu 55-60 | 4 to 6 months 
Asparagus-.--_| 40-45 | 7 to 10 days. Gladiolus___._-__- 35 | 7 to 8 months 
Galaxie: Pex se 32-45 | 2 weeks to 4 months. lebyzeoyR wee se 55-60 | 4 to 6 months 
EVO) yeee eee ea 32 | 1 month. Lily - of - the - val- | 25-28 | 12 to 14 months. 
Laurel, mountain_| 32-40 | 3 to 6 weeks. ley. 
Leucothoe, droop- | 32-40 Do. Lily: 
ing. Waster es ees. 35 | 6 to & mous. 
Lycopodium __-__-_ 32-45 | 2 weeks to4months Regal__...--_- 35 
Rhizomes, tubers, Narcissus___._---- 55-60 | 4 to 5 Peon 
corms, and bulbs:3 Snowdrop-------- 55-60 Do. 
Begonia, tuber_-_- 45 | 4 to 6 months. Squill es 22esn 55-60 Do. 
Caladium= 22222. 45 Do. FEVAT Ook dio cia ra taacba he 45 Do. 
Ca aque eee ee 35 | 6 to 8 months. Tuberose__-_.-__- 40-45 | 6 to 8 months. 
@annalests | are 45-50 | 6 to 7 months. ARGU oe =e ee 50-55 | 4 to 6 months. 


2 Approximately 80 percent relative humidity. 3 Approximately 75 percent relative humidity. 


CUT FLOWERS 


Cold-storage rooms for cut flowers are operated mainly by whole- 
sale florists in the large cities. Here flowers are usually held for 
short periods only. The temperatures given herein are recommended 
to insure a reasonably long life for flowers after their removal from 
storage. 

Cut flowers in storage should be kept with the stems well sub- 
merged in water. They should not be crowded in the containers 
because of the danger of mechanical injury and the decay that may 
result because of lack of ventilation. In most cases care should be 
taken not to spill water on the blooms since these usually discolor 
quite readily. 

Chrysanthemums (Chrysanthemum  hortorum) and _ gladioli 
(Gladiolus spp.) may be stored at 35° F. for 2 weeks, and usually 
remain very salable. Longer storage is possible, though frequently 
not practicable. These flowers are usually tied in bunches of 12 
and 25, respectively, but are not wrapped when placed in storage. 
Pompons, however, are sold in bunches of various sizes. 

As a rule the proper cutting stage for the large-flowering types 
of chrysanthemums is just after the green color in the center of the 
flower has disappeared. No general rule can be given for pompons, 
since several varieties, especially some of those in the anemone group, 
need more development on the plant than the single varieties. 

Gladioli should be cut when 3 or 4 of the lower buds show color 
and are partly opened. For distant shipments before storage the 
flowers should show color but should be in the tight bud stage. 

Easter lily (Lilium longifiorum), common peony (Paeonia offici- 
nalis), Chinese peony (P. albiflora), Speciosum lily (L. speciosum), 
Regal lily (Z. regale), and goldband lily (LZ. awratuwm) can be held at 
35° I’. for comparatively long periods, although 30 days is usually 
the maximum storage period. ‘The lhes in this group should be cut 
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for storage when the corolla is about one half opened, or just before 
the tips begin to reflex. Liles forced at relatively high temperatures 
should be kept at a temperature of about 50° for a preliminary period 
of about 24 hours before being put at 35°. Peonies showing color in 
the tight bud may be stored ‘at 35° for a month or more, “but they 
seldom give satisfaction for decorative purposes without special 
handling ; in the loose-bud stage they may be held satisfactorily for 
10 days. 

The cut blooms of callas (Zantedeschia aethiopica and Z. elliotti- 
ana) may be stored when fresh for as long as 10 days at 40° 
F’., and will be in good condition upon removal. Calla blooms should 
be gathered just before the spathe shows signs of curling downward. 
Callas that have been subjected to hard forcing should be held for 
about 24 hours at a temperature of 50° previous to storage at 40°. 
When the blooms are gathered they should be aoa not cut, other- 
wise the stems will split at the cut ends and curl after a few days i in 
storage. The pulling method separates the stem from the rhizome 
leaving no useless appendage. Although the blooms are sometimes 
removed from the plant by cutting, the stub left on the plant will 
probably rot and thus may serve as a place of entrance for disease 
organisms. Pulling, however, is much easier with potted callas than 
with those planted in beds or benches. Callas intended for storage 
should be tied at the bottom and also loosely tied below the blooms. 
They are usually put up in lots of 1 dozen. The container should 
be about 2 feet high so that the stems will stand deep in water. 

Lupine (Lupinus), clarkia (Clarkea sp.) ,common stocks (Matthiola 
incana), candytuft (Zberis), delphinium, hardy or perennial lark- 
spur (D. formosum and hybrids), cornflower (Centaurea cyanus), 
feverfew (Chrysanthemum parthenium), common snapdragon 
(Antirrhinum majus), blue laceflower (Trachymene caerulea), 
English daisy (Bellis perennis), calendula or pot-marigold (Ca- 
lendula officinalis), common perennial gaillardia (G@aillardia aris- 
ata), and sweet violets (Viola odorata) should not be held at tem- 
peratures lower than 40° F., and cannot be stored with good re- 
sults for more than a 8- to 6-day period. Violets are usually made 
up in bunches of 100, supported underneath by a few galax leaves 
and wrapped with a light waxed paper. 

Columbine (Agquilegia sp.), stevia (Piqueria trinervia), babys- 
breath (Gypsophila paniculata), delphinium, annual larkspur, baby 
primrose (Primula forbesi), sweet pea (Lathyrus odoratus), true 
forget-me-not (M/yosotis scorpioides), and orange-eye butterflybush 
(Buddleia davidi), all have flowers whose petals shed quickly, almost 
regardless of temperature. They cannot be held much lower than 
40° F., nor for longer than 3 to 4 days without impairing the keeping 
quality after removal. Forced Buddleia is sold by the dozen. The 
others mentioned are bunched in lots of 25. None of these is wrapped 
for storage. 

Orchids and eardenias (Gardenia florida, G. veitchi, and G@. for- 
tunez) are not customarily stored for long periods. However, they 
may be kept in storage in good condition for about a week at a 
temperature of 45° to 50° F. “They keep best when cut just after they 
have reached a salable condition. 
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Carnations (Dianthus caryophyllus) are preferably held at a tem- 
perature of 40° F., although 35° may be used for comparatively 
long periods. The best cutting stage is immediately after the center 
of the flower has developed sufficiently to be considered salable. 
They are customarily put up in lots of 25 by the grower, and should 
be tied securely at the bottom and more loosely below the blooms. 

Roses for nearby markets should be cut in the loose-bud stage; 
if they are to be shipped to distant markets they should be in the 
tight-bud stage but showing color. In the loose-bud stage they may 
be held at 35° to 40° F. for 1 week; stored at lower temperatures the 
subsequent keeping qualities are often impaired. They are usually 
tied by the grower in bunches of 25 and the buds and upper parts 
of the stems are wrapped tightly in waxed parchment paper to 
prevent bruising and possible opening of the petals. 

Dahhas (Dahlia sp.), China-asters (Callistephus chinensis), sweet 
bouvardia (Bouwvardia humboldti), heath (Hrica sp.), and the vari- 
ous forced irises may be held for 7 to 10 days at 40° F. They 
usually are handled in lots of 1 dozen, tied, but not wrapped. 

Statice, including lanceleaf, sea-lavender, and false thrift (Limo- 
nium latifolium and L. stnuatum, respectively), and strawflower 
(Helichrysum bracteatum) may be kept at 35° to 40° F. for 3 to 
6 weeks. They may be dried, with the retention of their original 
color and shape; strawflowers are usually dried instead of being 
stored to retain their freshness. : 

Common foxglove and common white foxglove (Digitalis pur- 
purea and D purpurea alba, respectively) and garden phlox (Phlox 
paniculata) are not usually satisfactory for storage, but may be 
held for 3 or 4 days at 40° F. 

Cut poinsettias (Poinsettia pulcherrima) sold during the Christ- 
mas season usually need not be stored for the few days between their 
arrival at the wholesale house and the day of sale. If holding is 
necessary, storage at about 50° F’. is recommended. Any change 
of environment, such as improper storage, will increase the appar- 
ently inherent tendency of poinsettias to shed their foliage. They 
should be cut when showing sufficient color to be salable. Searine 
the cut ends with boiling water is a practice usually followed to 
prevent undue loss of sap previous to or during storage. 

Cut liies-of-the-valley (Convallaria majalis) are kept satisfactorily 
at 40° F. and may be held for 1 week at this temperature; if kept 
longer the lower bells often become watery in appearance (30). 
The proper cutting stage is just after the terminal bell has lost its 
deep-green color. It should be of a yellow-green appearance, the 
lower 3 or 4 bells at this time being well opened. They are usually 
tied with foliage in bunches of 25, and are better wrapped loosely 
in heavy waxed paper, leaving the tops and bottoms of the bunches 
open. 

Hyacinths, tulips, narcissus, freesias, squills, snowdrops, and cro- 
cuses can usually be held satisfactorily for 2 weeks at 32° to 36° F. 

Spikes, such as snapdragon, should be cut just after the lower 5 or 
6 flowers have fully opened ; umbels, such as blue laceflower, should be 
cut just after they develop to a salable condition; flowers formed in 
heads usually should be cut after the outermost petals are fully 
developed and just before stamens appear in the center of typically 
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single heads or after the center has become closed with petals in 
double sorts; corymbs, such as candytuft, are usually best when cut 
after three fourths of the lower flowers are opened; those described 
as thyrses or corymbose cymes, such as the lilac, should be cut when 
about two thirds of the determinate branches are developed; cymose 
clusters, such as babysbreath, should be cut after a few of the 
terminal flowers have developed. 


FLORISTS’ GREENS 


Fern asparagus (Asparagus plumosus) and smilax asparagus (A. 
asparagoides) are usually shipped in crates. The turnover of these 
greens is rapid and shipments are arranged so that storage for 
longer than 8 or 4 days is usually unnecessary, but they may be 
kept in the case for 7 to 10 days at 40° to 45° F. The sprays of A. 
plumosus are tied in bunches of various sizes. Smilax is packed in 
the crates in various lengths or “strings.” The commercial popu- 
larity of A. sprengeri has declined to a point where it is produced 
and used chiefly by small retail growers. 

Drooping leucothoe (Leucothoe catesbaei) and mountain-laurel 
(Kalmia latifolia) sprays may be held at 32° to 40° F. for 3 to 6 
weeks in good condition. They are usually tied in bunches and kept 
standing in containers of water. 

Galax (@alaz aphylla), groundpine (Lycopodium sp.), dagger 
ferns, common woodferns and various species including Dryop- 
teris ‘intermedia, packed in crates, may be held at 32° to 45° i 
depending on the leneth of time it is desired to keep them. At 32° 
they may be expected to keep 3 to 4 months, whereas at 45° they 
may be kept for but 2 to 8 weeks in good condition. They are 
not put in water, but, if stored loose they are kept moist by occa- 
sional sprinklings. If held in wooden cases or packed in such a 

way as to prevent excessive drying out by direct air currents, no 
sprinkling is necessary. Galax is usually tied in bunches of 25; the 
ferns are tied in lots of 50, but both are customarily sold by the hun- 
dred. Those who make a business of gathering the greens in this 
group sometimes store them in coldframes, covering them with about 
6 inches of some material such as sphagnum moss or leaves, and 
shading or using sash as the weather demands. Handled in this way, 
shipments can be made at any time. Others who might be termed 
“brokers ” have many employees gathering galax and ferns, and store 
their entire holdings in cold-storage warehouses; this is the method 
commonly employed for storage and it usually gives satisfaction. 

Holly sprays or wreaths can usually be held satisfactorily for 
approximately 1 month at a temperature of 32° F. and a relative 
humidity of about 80 percent. 


RHIZOMES, TUBERS, AND CORMS 


Lily-of-the-valley pips or crowns may be held in cold-storage 
warehouses at a temperature range of 25° to 28° F. (30) for 15 to 17 
months, although after about 12. months increasing deterioration in 
quality becomes noticeable. The pips are tied in bundles of 25 with 
string or willow ties and are packed in wooden cases of various sizes 
containing from 250 to 2,500 pips. 
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Taro (Colocasia esculenta), spotted caladium (C. neoguineen- 
sis), and tuber begonias (Begonia tubehybrida) may be held at 45° 
F. and a humidity of 75 to 80 percent for several months. They 
should be packed in dry sawdust or peat. 

Cannas (Canna indica), dahlias (Dahlia sp.), and peonies (Paeonia 
sp.) may be stored at 45° to 50° F. over a period of 6 to 7 months with 
a humidity of 70 to 80 percent. They are usually packed in dry soil 
or sawdust. 

Gladiolus sp. (mostly hybrids) stored at 35° F. and at a humidity 
of 70 to 75 percent will keep in good condition for the normal stor- 
age period of 7 to 8 months. They should be stored dry in shallow 
trays with ample ventilation, but only after a curing period of 3 to 
6 weeks in an open or well-ventilated shed. 

Common and golden callas (Zantedeschia acthiopica and Z. elliot- 
tiana) stored at 35° F. and at a humidity of 70 to 75 percent in dry 
soil or peat will keep for many months, if it is necessary to store 
them. The normal rest period in the forcing cycle is during May, 
June, and July. Unless water is withheld during this period com- 
plete dormancy will not exist. Therefore, storage in a dry condition 
is essential, with sufficient humidity to prevent undue shriveling. 


BULBS 


Most varieties of Narcissus sp., hyacinths (Hyacinthus orientalis), 
freesias (Freesia refracta alba), tulips (Tulipa sp.), squills (Scilla 
sp.), snowdrops (Galanthus nivalis), Crocus sp., and similar bulbs 
may be held in common storage for several months. However, many 
of them are still imported in large numbers and these are usually not 
stored, since better results are obtained by planting them as soon as 
they arrive. 

The genus Lilium, of which there are approximately 50 species, 
like most other bulbs, give best results if planted when received. 
However, as Easter lies are forced during the entire year, it be- 
comes necessary to provide cold-storage conditions suitable for sat- 
isfactory holding until they are wanted for planting. The bulbs 
should be packed in boxes in thoroughly dry soil, if rooting and des- 
iccation are to be prevented. A temperature of 32° F. with a 
humidity of 75 to 80 percent is recommended. 

Tulips are usually not stored in any packing material. although 
this may be advantageous for long storage. Temperatures of 36° to 
38° F., except for short storage, are considered rather low for tulips 
shipped in from the West in which the buds are already formed. 
The best storage temperature for shipped tulips is between 50° and 
22 
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